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SECTION 23 05 93
TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1 - GENERAL
1.1 DESCRIPTION
A, Testing, adjusting, and balancing (TAB) of heating, %entilating and air

conditioning ({HVAC} systems. TAB includes the following:

1. Planning systematic TAB procedures.

2. Design Review Report.

3. Systems Inspection report.

4. Systems Readiness Report.

6. Balancing air and water distributicn systems;

7. Recording and reporting results.

B. Definitiens:

1. Basic TAB used in this Section: Chapter 37, "Testing, Adjusting and
Balancing” of 2007 ASHRAE Handboock, "HVAC Applications".

2, TAB: Testing, Adjusting and Balancing; the process of checking and
adjusting HVAC systems to meet design objectives.

3. BAABC: Associated Air Balance Council.

4, NEBB: National Environmental Balancing Bureau.

5. Air Systems: Includes all cutside air, supply air, return air,
exhaust air and relief air systems.

6. Flow rate tolerance: The aliowable percentage variation, minus to

plus, of actual flow rate from values (design) in the contract

documents.
1.2 RELATED WORK
A. Section 23 05 11, COMMON WORK RESULTS FOR HVAC: General Mechanical

Requirements.
B. Section 23 07 11, HVAC, PLUMBING, AND BOILER PLANT INSULATION: Piping
and Equipment Insulation.
1.3 QUALITY ASSURANCE
A. Refer to Articles, Quality Assurance and Submittals, in Section

23 05 11, COMMON WORK RESULTS FOR HVAC,

B. Qualifications:
1. TAB Agency: The TAB agency shall be a subcontractor of the General

Contractor and shall report to and be paid by the General

Contractor.
2. The TAB agency shall be either a certified member of AABC or

certified by the NEBB to perform TAB service for HVAC, Qater
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balancind and vibrations and sound testing cof equipment. The

certification shall be maintained for the entire duration of duties

specified herein. If, for any reason, the agency loses subject

certification during this period, the General Contractor shall A

immediately notify the Resident Engineer and submit another TAB firm

for approval. Any agency that has been the subject of disciplinary
action by either the AABC or the NEBB within the five years
preceding Contract Award shall not be eligible to perform any work
related to the TAB. All work performed in this Section and in othex
related Sections by the TAB agency shall be ceonsidered invalid if
the TAB agency loses its certification prior to Contract completion,
and the successor agency’s review shows unsatisfactory work
performed by the predecessor agency.

3, TABR Specialist; The TAB specialist shall be either a member cof AABC
or an experienced technician of the Agency certified by NEEB. The
certification shall be maintained for the entire duration of duties
specified herein, If, for any réason, the Specialist loses subject
certification during this period, the General Contractor shall
immediately notify the Resident Engineer and submit ancther TAB
Specialist for approval. Any individual that has been the subject of
disciplinary action by either the AABC or the NEBB within thé five
years preceding Contract Award shall not be eligible to perform any
duties related to the HVAC systems, including TAB. All work
specified in this Section and in other related Sections performed by
the TAB specialist shall be considered invalid if the TAB Specialist
loses its certification prior to Contract completion and must bé
performed by an approved successor.

4, TAB Specialist shall be identified by the General Ceontractor within
60 days after the notice to proceed. The TAB specialist will be
coordinating, scheduling and reporting all TAB work and related
activities and will provide necessary information as required by the
Resident Engineer. The responsibilities would specifically include:
a. Shall directly supervise all TAB work.

b. Shall sign the TAB reports that bear the seal of the TAB
‘standard. The reports shall be accompanied by report forms and
schematic drawings reguired by the TAB standard, AABC or NEEB.

c. Would fecllow all TAB work through its satisfactory completion.
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d. Shall provide final markings of settings of all HVAC adjustment
devices. _

] e. Permanently mark location of duct test ports.

5. All TAB technicians performing actual TAB woxrk shall be experienced
and must have done satisfactory work on a minimum of 3 projects
comparable in size and complexity to this project. Qualificaticns
must be certified by the TARB agency in writing, The lead technician
shall be certified by AABC or NEBB -

C. Test Eguipment Criteria: The instrumentation shall meet the
accuracy/calibration requirements established by AABC National
Standards or by‘NEBB Procedural Standards for Testing, Adjusting and
Balancing of Environmental Systems and instrument manufacturer. Provide

calibration history of the instruments to be used for test and balance

purpose.

D, Tab Criteria:
1. One or more of the applicable AABC, NEBB or SMACNA publications,

supplemented by ASHRAE Handbook "HVAC Applications™ Chapter 36, and
requirements stated herein shall be the b;sis for planning,
procedures, and reportsf
2. Flow rate tclerance: Following Lolerances are allowed. For
tolerances not menticned herein follow ASHRAE Handbook "HVAC
Applications”™, Chapter 36, as a guideline.
a. Individual rocm air outlets and inlets: Minus 2 percent to plus
10 percent except if the air to a space is 100 CFM or less the
tolerance would be 0 to ?lus 5 percent.
3. Typical TAB procedures and results shall be demonstrated to the
Resident Enginger for one air distribution system:
a. When field TAB work begins.
b. During each partial final inspection and the final inspection for
the project if requested by VA.
1.4 SUBMITTALS
A. Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT
DATZ, and SAMPLES.
B. Submit names and qualifications of TAB agency and TABR specialists

within 60 days after the notice to proceed. Submit information on three

recently completed projects and a list of proposed test equipment.
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For use by the Resident Engineer staff, submit one complete set of
applicable AABC or NEBB publications that will be the basis of TAB
work.

Submit Following for Review and Approval:
1. Design Review Report within 30 days for conventicnal design projects

after the system layout on air and water side is completed by the
Contractor.r )

2. Systems inspection report on equipment and installation for
conformance with design.

3. Duct Air Leakage Test Report.

4, Systems Readiness Repocrt.
5. Intermediate and Final TAB reports covering flow balance and

adjustments, performance tests, vibration tests and sound tests.

6. Include in final reports uncorrected installation deficiencies noted

during TAE and applicable explanatory comments on test results that

differ from design regquirements,.

Prior to requesh for Final or Partial Final inspection, submit

completed Test and Balance report for the area.

1.5 APPLICABLE PUBLICATIONS

Al

The following publications form a part of this specification to the
extent indicated by the reference thereto. In text the publications are
referenced te by the acronym of the organization,

American Society of Heating, Refrigerating and Air Conditioning

Engineers, Inc. (ASHRAE):

2007 e e e, HVAC Applications ASHRAE Handboock, Chapter 37,
Testing, Adjusting, and Balancing and Chapter
47, Sound and Vibration Control

Associated Air Balance Council (AABC):

2002, i i e e AABC National Standards for Total System
Balance

National Environmental Baiancing Bureau (NEBB):

7™ Edition 2005 ........ Procedural Standards for Testing, Bdjusting,

' Balancing of Envirconmental Systems

2nd Edition 2006 ....... Procedural Standards for the Measurement of
Sound and Vibration

3% Edition 2009 ........Procedural Standards for Whole Building Systems

Commissioning of New Construction
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E. Sheet Metal and Air Conditioning Contractors National Association

(SMACNA) :
3% Edition 2002 ..... "...HVAC SYSTEMS Testing, Adjusting and Balancing
PART 2 - PRODUCTS '
2.1 PLUGS
Provide plastic plugs to seal holes drilled in ductwork for test
puUrposes.
2,2 INSULATION REPAIR MATERIAL
See Section 23 07 11, HVAC and BOILER PLANT INSULATION Prov1de for
repair of insulation removed or damaged for TAB work
PART 3 -~ EXECUTION
3.1 GENERAL

A. Refer to TAB Criteria in Article, Quality Assurance.

B. Obtain applicable contract documents and copies of approved submittals
for HVAC equipment and outomatic control systems.

3.2 DESIGN REVIEW REPORT
The TAB Specialist shall review the Contract Plans and Specifications
and advise the Resident Engineer of any design deficiencies that would
prevent the HVAC systems from effectively operating in accordance with
the seguence of operation specified or'prevent the effective and
accurate TAB of the system. The TAB Specialist shall provide a report
individually listing each deficiency and the corresponding proposed
corrective action necessary for proper system operation.

3.3 SYSTEMS INSPECTION REPORT

A. Inspect eguipment and installation for conformance with design.

B. The inspection and report is to be done after air distribution
equipment is on site and duct installation has begun, but well in
advance of perfofmance testing and balancing work. The purpcse of the
inspection is to identify and report-dcviatiohs from design and ensure
that systems will be ready for TAB at the appropriate time.

C. Reports: Follow check list format developed by AABRC, NEBB or SMACHNA,
supplemented by narrative comments, with emphasis on air handling units
and fans. Check for conformance with submittals. Verify that diffuser
and register sizes are correct. Check air terminal unit installation
including their duct sizes and routing.

3.4 DUCT AIR LEAKAGE TEST REPORT
TAB Agency shall perform the leakage test as outlined in "Duct léakage
Tests and Repairs" in Section 23 31 00, HVAC DUCTS and CASINGS for TAB
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agency’s role and responsibilities in witnessing, recording and
reporting of deficiencies.
3.5 SYSTEM READINESS REPORT

A. Inspect each System to ensufe that it is complete including
installation and operation of controls. Submit report to RE in
standard format and forms prepared and or approved by the Commissioning
Agent.

B. Verify that all items such as ductwork piping, ports, terminals,
connectors, etc., that is required for TAB are installed. Provide a
report to the Resident Engineer.

3.6 TAB REPORTS

A. Submit an intermediate report for // 25 percent // 50 percent // of
systems and equipment tested and balanced to establish satisfactory
test results. '

B. The TAB contractor shall provide raw data immediately in writing tec the
Resident Engineer if there is a problem in achieving intended results
before submitting a formal report.

C. 1If over 20 percent of readings in the intermediate report fall outside
the acceptable range, the TAB report shall be considered invalid and
all contract TAB work shall be repeated and re-submitted for approval
at no additional_cost to the owner.

D. Do not proceed with the remaining systems until intermediate report is
approved by the Resident Engineer.

3.7 TAB PROCEDURES

A. Tab shall be performed in accordance with thé regquirement of the
Standard under which TAB agency is certified by either AABC or NEBB.

B. General: During TAR all related system components shall be in full
operation. Fan and pump‘rotation, motor loads and equipment vibration
shall be checked and corrected as necessary before proceeding with TAB.
Set controls and/or block off parts of distribution systems teo simulate
destign operation of variable wvolume air or water systems for teét and
balance work.

C. Coordinate TAB procedures with existing systems and any phased
construction completion requirements for the project. Provide TAB
reports for each phase of the project prier to partial final -
inspections of each phase of the project. - .

D. Allow 15 days time in construction schedule for TAB and submissibn of

all reports for an- crganized and timely correction of deficiencies.
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Alr Balance and Equipment Test: Include room diffusers/cutlets/inlets,
1. Record final measurements for alr handling equipment performance

data sheets.

3.10 MARKING OF SETTINGS

Following approval of Tab final Report, the setting of all HVAC
adjustment devices including valves, splitters and dampers shall be
permanently marked by the TAB Specialist So that adjustment can be
restored if disturbed at any time. Style and ceolors used for markings

shall be coordinated with the Resident Engineer.

3.11 PHASING

A,

Phased Projects: Testing and Balancing Work to follow project with
arsas shall be completed per the project phasing. Upon completion of

the project all areas shall have been tested and balanced per the

contract documents.

Existing Areas: Systems that séerve areas oulside of the project scope
shall not be adversely affected. Measure existing parameters where

shown to document system capacity.

- ~-END-- -
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SECTION 23 07 11
HVAC INSULATION

PART 1 - GENERAL
1.1 DESCRIPTION
A. Field applied insulation for thermal efficiency and condensation
control for
1. HVAC ductwork and equipment.
B. Definitions

1. ASJ: All service jacket, white finish facing or jacket.

2. Rir conditioned space: Sﬁace having air temperature and/or humidity
controlled by mechanical eguipment.

3. Cold: Eguipment, ductwork or piping handling media at design
temperatﬁre of 16 degrges C (60 degrees F) or below.

4. Concealed: Ductwork and piping above ceilings and in chases,
interstitial space, and pipe spaces.

5. Exposed: Piping, ductwork, and equipment exposed to view in finished
areas including mechanical//, Boiler Plant// and electrical
eduipment rooms or exposed to outdoor weather. Attics and crawl
spaces where air handling units are localed are considered to be
mechanical rocoms. Shafts, chases, //interstitial spaces, //
unfinished attics, c¢rawl spaces and pipe baéements are -not
considered finished areas. /

&. FSK: Foil-scrim-kraft facing.

7. Hot: HVAC Ductwork handling air at design temperature above 16
degrees C (60 degrees F);HVAC eguipment or piping handling media
above 41 degrees C {105 degrees F); Boiler Plant breechings and
stack temperature range 150-370 degrees C(300-700 degrees F) and
ﬁiping media and equipment 32 to 230 degrees C(90 to 450 degrees ¥).

8. Density: kg/m® - kilograms per cubic meter (Pcf =~ pounds per cubic
foot).

9, Thermal conductance: Heat filow rate through materials.

a. FPlat surface: Watt per square meter (BTU pér hour per square

foot).
b. Pipe or Cylinder: Watt per square meter (BTU per hour per linear

foot) .
10. Thermal Conductivity {k}: Watt per meter, per degree C (BTU per inch

thickness, per hour, per square foot, per degree F temperature

difference).

23 07 11 - 1




671-13-105-Spinal Cord Injury Corridors Rencvation 05-11

1.2 RELATED WORK
A. Section 23 05 11, COMMON WORK RESULTS FOR HVAC: General mechanical

requirements and items, which are common to more than one section of

Division 23.
F. Section 23 31 00, HVAC DUCTS AND CASINGS: Ductwork, plenum'and

fittings.
1.3 QUALITY ASSURANCE
A. Refer Lo article QUALITY ASSURANCE, in Section 23 05 11, COMMON WORK
RESULTS FOR HVAC // and Section 23 05 10, COMMON WORK RESULTS FOR
BOILER PLANT and STEAM GENERATION//.

B. Criteria:
1. Comply with NFPA 90A, particularly paragraphs 4.3.3.1 through
4.3.3.6, 4.3.10.2.6, and 5.4.6.4, parts of which are quoted as

follows:

4,3.3.1 Pipe insulation and coverings, duct coverings, duct
linings, vapor retarder facings, adhesives, fasteners, tapes, and
supplementary materials added to air ducts, plenums, panels, and
duct silencers used in duct systems, unless otherwise provided
for in 4.3.3.1.1 or 4.3.3.1.2., shall have, in the form in
which they are used, a maximum flame spread index of 25 without
evidence of continued progressive combustion and a maximum smoke
developed index of 50 when tested in accordance with NFPA 255,
Standard Method of Test of Surface Burning Characteristics of

Building Materials.

4.3.3.1.1 Where these products are to be applied with adhesives,
they shall be tested with such adhesives applied, ox the
adhesives used shall have a maximum flame spread index of 25 and
a maximum smoke developed index of 50 when in the final dry

state. (See 4.2.4.2.)

4.3.3.1.2 The flame spread and smoke developed index requirements
of 4.3.3.1.1 shall not apply to air duct weatherprcof coverings
where they are located entirely outside of a building, do not
penetrate a wall or roof, and do nct create an exposure hazard.

4.3.3.2 Closure systems for use with rigid and flexible air ducts
tested in accordance with UL 181, Standard for Safety Factory-
Made Air Ducts and Air Connectors, shall have been tested,
listed, and used in accordance with the conditions cf their
listings, in accordance with one of the following:

(1} UL 181A, Standard for Safety Closure 3Systems for Use with
Rigid Air Ducts and Air Connectors

(2} UL, 1818, Standard for Safety Closure Systems for Use with
Flexible Air Ducts and Air Connectors

4.3.3.3 Air duct, panel, and plenum coverings and linings, and
pipe insulation and coverings shall not flame, glow, smolder, or
smoke when tested in accordance with a similar test for pipe
covering, ASTM C 411, Standard Test Method for Hot-Surface
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Performance of High-Temperature Thermal Insulation, at the
temperature to which 'they are exposed in service.

4.3.3.3.1 In no case shall the test temperature be below 121°C
{250°F) .

4.3.3.4 Air duct coverings shall not extend through walls or
floors that are required to be fire stopped or required tc have a
fire resistance rating, unless such coverings meet the
requiregments of 5.4.6.4. : ’

4,3.3.5* Air duct linings shall be interrupted at fire dampers to
prevent interference with the operation of devices.

4.3.3.6 Air duct coverings shall not be installed so as to
conceal or prevent the use of any service opening.

4.3.10.2.€ Materials exposed to the airflow shall be
noncembustible or limited combustible and have a maximum smoke
developed index of 50 or comply with the following.

4,3,10.2.6.1 Electrical wires and cables and optical fiber cables
shall be listed as noncombustible or limited combustible and have
a maximum smoke developed index of 50 or shall be listed as
having a maximum peak optical density of 0.5 or less, an average
optical density of 0.15 or less, and a maximum flame spread
distance of 1.5 m (5 ft) or less when tested in accordance

with NFPA 262, Standard Method of Test for Flame Travel and
Smoke of Wires and Cables for Use in Air-Handling Spaces.

4.3.10.2.6.4 Optical-fiber and communication raceways shall be
listed as having a maximum peak optical density of 0.5 or less,
an average optical density of 0.15 or less, and a maximum flame
spread distance of 1.5 m (5 ft) or less when tested in accordance
with UL 2024, Standard for Safety COptical-Fiber Cable Raceway.

4.3.10.2.6.6 Supplementary materials for air distribution systems
shall be permitted when complying with the provisions of 4.3.3.

5.4.6.4 Where air ducts pass through walls, floors, or partitions
that are required to have a fire resistance rating and where fire
dampers are not required, the opening in the construction around
the air duct shall be as follows:

(1) Not exceeding a 25.4 mm (1 in.) average clearance on all
sides
(2) Filled solid with an approved material capable of

preventing the passage of flame and hot gases sufficient to
ignite cotton waste when subjected to the time-temperature fire
conditions reguired for fire barrier penetration as specified
in N¥PA 251, Standard Methods of Tests of Fire Endurance of
Building Construction and Materials

Test methods: ASTM E84, UL 723, or NFPA 255.

3. Specified k factors are at 24 deérees C (75 degrees F) mean
temperature unless stated otherwise. Where optiocnal thermal
insulation material is used, select thickness to provide thermal
conductance ne greater than that for the specified material. For

pipe, use insulation manufacturer's published heat flow tables. For
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C.

domestic hot water supply and return, run out insulation and
condensation control insulation, no thickness adjustment need b
made. .

4, All materials shall be compatible and suitable for service
temperature, and shall not centribute to corrosion or 6therwise
attack surface to which appiied in either the wet or dry state.

Every package or standard container of insulation or accessories

delivered to the job site for use must have a manufacturer's stamp

label giving the name of the manufacturer and description of the

material.

1.4 SUBMITTALS

A,

Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT

DATA, and SAMPLES.

Shop Drawings:

05-11

=]

or

1. All information, clearly presented, shall be included to determine

compliance with drawings and specifications and ASTM, federal and

military specifications.

a. Insulation materials: Specify each type used and state surface

burning characteristics.

b. Insulation facings and jackets: Each type used. Make 1t clear

that white finish will be furnished for exposed ductwerk, ca

and equipment.

Insulation accessory materials: Each type used.

sings

d. Manufacturer's installation and fitting fabrication instructions

for flexible unicellular insulation.

e. Make reference to applicable specification paragraph numbers

coordination.

1.5 STORAGE AND HANDLING OF MATERIAL

Store materials in clean and dry environment, pipe covering jacket
shall be clean and unmarred, Place adhesives in original container
Maintain ambient temperatures and conditions as required by printe

instructions of manufacturers of adhesives, mastics and finishing

cements.

1.6 APPLICABRLE PUBLICATICNS
A. The publications listed below form a part of this specification te the

for

]
S.

d

extent referenced. The publications are referenced in the text by basic

designation oniy.
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B. Federal Specifications (Fed. Spec.):
L-P-535E (2)- 99........ Plastic Sheet (Sheeting): Plastic Sprip; Poly
(vinyl Chloride) and Poly {Vinyl Chloride -
Vinyl Acetate), Rigid.
C. Military Specifications (Mil. Sbec.):
MIL-A-3316C (2)-90...... Adhesives, Fire-Resistant, Thermal Insulation
MIL-2-24179A (1)-87.....Adhesive, Flexible Upicellular—Plastic
Thermal Iansulation
MIL-C-19565C (1)-88..... Coatiné Compounds, Thermal Insulation, Fire-and
Water-Resistant, Vapor-Barrier
MIL-C-20079H-87.........Cloth, Glass; Tape, Textile Glass; and Thread,
) Glass and Wire-Reinforced Glass
D. American Society for Testing and Materials (ASTM):
ChE33-09. ... it Standard Specification feor Calcium Silicate
. Block and Pipe Thermal Insulation
CH12-10. .0ttt nenn Standard Specification for Mineral Fiber Block
and Board Thermal Insulation
F. National Fire Protection Association (NFPA):
OC0B-09. .. it i Standard for the Installation of Air
Conditioning and Ventilating Systems
96-08. .. vt Standards for Ventilation Contrel and Fire
Protection of Commercial Cooking Cperaticns
101~09. . i e i i i Life Safety Code
251-06....... v+eeress....8tandard methods of Tests of Fire Endurance of
Building Construction Materials
255-06. ., i Standard Method of tests of Surface Burning
Characteristics of Building Materials
F. Underwriters Laboratories, Inc (UL):
A veiseaee.. UL Standard for Safety Test for Surface Burning
Characteristics of Building Materials with
Revision of 09/08
G. Manufacturer’s Standardization Society of the Valve and Fitting
Industry (MSS): ‘
S5P58-2009%. ..., Pipe Hangers and Supports Materials, Design,

and Manufacture

23 07 11 - 5




671-13-105~8pinal Cord Injury Corrideors Renovation " 05-11

PART 2 - PRODUCTS ]
2.1 MINERATL FIBER OR FIBER GLASS

A. ASTM C612 (Board, Block), Class 1 or 2, density 48 kg/m® (3 pcf), k =
0.037 {0.26) at 24 degrees C (75 degrees F), external insulation for
temperatures up to 204 degrees C (400 dégrees F) with foil scrim (FSK)
facing.

2,2 MINERAT, WOOL OR REFRACTORY FIBER
A. Comply with Standard ASTM C612, Class 3, 450 degrees C (850 degrees F).
2.3 INSULATION FACINGS AND JACKETS

A. ASJ jacket shall be white kraft bonded to 0.025 mm (1 mil) thick
aluminum foil, fiberglass reinforced, with pressure sensitive adhesive
closure. Comply with ASTM C1136. Beach puncture 50 units, Suitable for
painting without sizing. Jackets shall have minimum 40 mm (1-1/2 inch)
lap on longitudinal joirts and minimum 75 mm (3 inch) butt strip on end
jeoints. Butt strip material shall be same as the jacket. Lap and butt
strips shall be self-sealing type with factory-applied pressure
sensitive adhesive.

C. Vapor Retarder medium strength with low water vapor permeance of 0.02
or less perm rating), Beach puncture 25 units: Foil-Scrim-Kraft (FSK)
or PVDC vapor retarder jacketing type for concealed duthork and
equipment.

2.4 ADHESIVE, MASTIC, CEMENT

A. Mil. Spec. MIL-A-3316, Class 1: Jacket and lap adhesive and protective
finish coating for insulation.

B. Mil. Spec. MIL—A—3316, Class 2: Adhesive for laps and for adhering
insulation to metal suxfaces.

C. E. Mil, Spec. MIL~C-19565, Type I or Type II: Vapor barrier compound
for indoor use.

D. ASTM C449: Mineral fiber hydraulic-setting thermal insulating and
finishing cement.

E. Other: Insulation manufacturers' published reccrmendations.

2.5 MECHANICAL FASTENERS

"A. Pins, anchors: Welded pins, or metal or nylon anchors with galvanized
steel-coated or fiber washer, cr clips. Pin diameter shall be as
recommended by the insulation manufacturer.

. Staples: Outward clinching monel or galvanized steel.
C. Wire: 1.3 mm thick (18 gage) soft annealed galvanized or 1.9 mm (14

gage) copper clad steel or nickel copper alloy.
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D. Bands: 13 mm (0.5 inch) nominal width, brass, galvanized steel,

aluminum or stainless steel.
2.6 REINFORCEMENT AND FINISHES
A. Glass fabric, open weave:}ASTM D1668, Type III (resin treated) and Type
I (asphalt treated).
Glass fiber fitting tape: Mil. Spec MIL-C-20079, Type II, Class 1.
Tape for Flexible Elastomeric Cellular Insulation: As recommended by

the insulation manufacturer,
D. Hexagonal wire netting: 25 mm (one inch) mesh, 0.85 mm thick (22 gage)
galvanized steel,.
E. Corner beads: 50 mm (2 inch) by 50 mm (2 inch), 0.55 mm thick (26 gage)
galvanized steel; or, 25 mm (1 inch) by 25 mm (1 inch), 0.47 mm thick
(28 gage) aluminum angie adhered to 50 mm (2 inch) by 50 mm (2 inch)
Kraft paper.

2,7 FLAME AND SMOKE
Unless shown otherwise all assembled systems shall meet flame spread 25

and smoke developed 59 rating as developed under ASTM, NFPA and UL

standards and specifications. See paragraph 1.3 "Quality Assurance".

PART 3 - EXECUTION
3.1 GENERAL REQUIREMENTS
A. Insulation materials shall be installed in a first class manner with

smooth and even surfaces, with jackets and facings drawn tight and
smoothly cemented down at all laps. Insulation shall be continuous
through all sleeves and openings, except at fire dampers and duct
heaters (NFPA 90A). Vapor retarders shall be continuous and
uninterrupted throughout systems with operating temperature 16 degrees

C (60 degrees F} and below. Tap and seal vapor retarder over ends and

exposed edges of insulation. Anchors, supports and other metal
projections through insulation on cold surfaces shall be insulated and
vapor sealed for a minimum length of 150 mm (6 inches).
B. Apply insulation materials subject to the manufacturer's reccmmended
temperature limits. Apply adhesives, mastic and coatings at the
manufacturer's recommended minimum coverage. '
3.2 INSUIATION INSTALLATION
A. Mineral Fiber Board:
1, Faced board: Apply board on pins spaced not more than 300 mm (12
-inches) on center each way, and not less than 75 mm (3 inches) from

each edge of board. In addition to pins, apply insulation bonding
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adhesive to entire underside of herizontal metal surfaces. . Butt
insulation edges tightly and seal all joints with laps and butt .
strips. After applyiﬁg speed c¢lips cut pins off flush and apply
vapor seal patches over clips.’ :

B. Flexible Mineral Fiber Blanket:

1. Adhere insulation to metal with 75 mm (3 inch) wide strips of
insulation bonding adhesive at 200 mm (8 inches) on center all
around duct. Additionally secure insulation to bottom of ducts
exceeding 600 nm (24 inches) in width with pins welded or adhered on
450 mm (18 inch) centers. Secure washers on pins. Butt insulation
edges and seal joints with laps and butt strips. Staples may ke used
to assist in securing insulation.ASeal.all vapor retarder
penetrations with mastic. Sagging duct insulation will not be
acceptable. Install firestop duct insulation where required.

2. Supply air ductwork to be insulated includes main and branch ducts
from AHU discharge to room supply outlets, and the bodies of ceiling
outlets to prevent condensation. Insulate scund attenuator units,
coil casiﬂgs and damper frames. To prevent condensation insulate
trapeze type supports and angle iron hangers for flat oval ducts
that are in direct contact with metal duct.

3. Concealed supply air ductwork.
a. Above ceilings at a roof level, in attics, and duct work exposed

to outdoor weather: 50 mm {2 inch} thick insulation faced with
FSK.

b. Above ceilings for other than roof level: 40 mm {1 * inch} thick
insulation faced with FSK.

4, Concealed return air duct:

a. Above ceilings at a roof level, unconditioned areas, and in
chases with external wall or containing steam piping; 40 mm (1-
1/2 inch) thick, insulation faced with FSK.

b. In interstitial spaces (where not subject to damage): 40 mm (1-

1/2 inch thick insulation faced with FSK.

~ = ~-END-=- - -
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SECTION 23 31 00
HVAC DUCTS AND CASINGS

PART 1 - GENERAL
1.1 DESCRIPTION
A. Ductwork and accessories for HVAC including the following:
1. Supply air, return air, outside air, exhaust, make—up air, and relief
systewms.

B. Definitions:
1, SMACNA Standards as used in this specification means the HVAC Duct

Construction Standards, Metal and Flexible.

2. Seal or Sealing: Use of liquid or mastic sealant, with or without
compatible tape overlay, or gasketing of flanged joints, to keep air
leakage at duct joints, seams and connections to an acceptable
minimum.

3. Duct Pressure Classification: SMACNA HVAC Duct Construction
Standards, Metal and Flexible. :

1.2 RELATED WORK
Fire Stopping Material: Section 07 84 00, FIRESTOPPING.

B. General Mechanical Requirements: Section 23 05 11, COMMON WORK RESULTS
FOR HVAC and STEAM GENERATION.

C. Noise Level Requireﬁents: Section 23 05 41, NQOISE AND VIBRATION CONTROL

FOR HVAC PIPING and EQUIPMENT.

D. Duct Insulation: Section 23 07 11, HVAC, PLUMBING, and BOILER PLANT

INSULATION
1.3 QUALITY ASSURANCE ' ,

A. Refer to article, QUALITY ASSURANCE, in Section 23 05 11, COMMON WORK
RESULTS FOR HVAC and STEAM GENERATION.

B. Fire Safety Code: Comply with NFPA S0A.

Duct System Construction and Installation: Referenced SMACNA Standards
are the minimum acceptabkle quality.

D. Duct Sealing, Air Leakage Criteria, and Air Leakage Tests: Ducts shall
be sealed as per duct sealing reguirements of SMACNA HVAC Air Duct
Leakage Test Manual for duct pressure classes shown on the drawings.

E. Duct accessories exposed to the air stream, such as dampers of all types
{(except smoke dampers) and access openings, shall be of the same
"material as the duct or provide at least the same level of corrosion
resistance. 7

1.4 SUBMITTALS
A, Submit in accordance with Section‘Ol 33 23, SHCP DRAWINGS, PRODUCT DATA,

and SAMPLES.
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B. Manufacturer's Literature and Data:

1. Rectangular ducts:
a. Schedules of duct systems, materials and selected SMACNA

construction alternatives for joints, sealing, gage and
reinforcement. '
b. Sealants and gaskets.
1.5 APPLICABLE PUBLICATIONS
A. The publigations listed below form a part of this specification to the
extent referenced. The publications are referenced in the text by the
basic designation only. :
B, American Society for Testing and Materials (ASTM):
A167-99(2009) ...... .. ... Standard Specification for Stainless and
Heat~Resisting Chromium-Nickel Steel Plate,
. .Sheet, and Strip
RE53-09.......... e s Standard Specification for Steel Sheet,
Zinc-Ceoated {Galwvanized) or Zinc-Iron Alloy
ceoated {Galvannealed) by the Hot-Dip process
B202—=07 .o i i iii i niiaan Standard Specification fer Aluminum and
Aluminum—~Alloy Sheet and Plate
E84-0%a......... ;....;..Standard Test Method for Surface Burning
Characteristics of Building Materials
C. National Fire Protection Asscciation (NFPA):
B0B-09. .. it e Standard for the Installation of Air
Conditiening and Ventilating Systems

F. Sheet Metal and Air Conditioning Contractors National Association

{SMACNA) ;

2nd Edition — 2005...... HVAC Duct Construction Standards, Metal and
Flexible '

1st Edition - 1985...... HVAC Air Duct Leakage Test Manual

F. Underwriters Laboratories, Inc, (UL):
181-08.. . iiiiiiiiiinen Factery-Made Air Ducts and Air Connectors
PART 2 -~ PRODUCTS
2,1 DUCT MATERIALS AND  SEALANTS
A. General: FExcept for systems specified otherwise, construcf ducts,
casings, and accessories of galvanized sheet steel, ASTM A6533, coating
G90; or, aluminum sheet, ASTM B20%, alloy 1100, 3003 or 505Z. )
B. Specified Corrosion Resistant Systems: Stainless steel sheet, ASTM ARle67,
ClaSs 302 or 304, Condition A ({annealed) Finish No. 4 for exposed ducts

and Finish No. 2B for concealed duct or ducts located in mechanical

S LTOoms .
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D.
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Joint Sealing: Refer to SMACNA HVAC Duct Constructicn Standards,

paragraph S$1.9. ‘

1. Sealanti Elastomeric compecund, gun or brush grade, maximum 25 flame
spread and 50 smbke developed (dry state) compounded specifically for
sealiﬁg ductwork as recommended by the manufacturer. Generally
provide ligquid sealant, with or without compatible tape, for low
clearance slip joints and heavy, permanently elastic, mastic type
where clearances are larger. 01l base caulking and glazing cémpounds
are not acceptable because they do not retain elasticity and bond.

2. Tape: Use only tape specifically designated by the sealant
manufacturer and apply only over wet sealant. Pressure sensitive tape
shall not be used on bare metal or on diy sealant.

3., Gaskets in Flanged Joints: Soft neoprene.

Approved factory made Jjoints may be used.

2.2 DUCT CONSTRUCTION AND INSTALLATION

A.

Regardless of the pressure classifications outlined in the SMACNA
Standards, faﬁricate and seal the ductwork in accordance with the
following pressure classifications:

Duct Pressure Classificaticn:

0 to 50 mm (2 inch)

Seal Class: All ductwork shall receive Class A Seal

Volume Dampers: Single blade or opposed blade, multi-louver type as
detailed in SMACNA Standards. Refer to SMACNA Detail Figure 2-12 for
Single Blade and Figure 2.13 for Multi-blade Volume Dampers.

Duct Hangers and Supports: Refer to SMACNA Standards Secticon IV. Avoid

use of trapeze hangers for round duct.

2.3 DUCT LINER

A,

Duct liner is not permitted.

2.4 FLEXIBLE AIR DUCT

A.

General: Factory fabricated, complying with N¥PA 90A for connectors not
passing through floors of buildings. Flexibkle ducts shall not penetrate
any fire or smoke barrier which is required to have a fire resistance
rating of one hour or more. Flexible duct length shall not exceed 1.5 m
(5 feet). Provide insulated acoustical air duct connectors in supply air
duct systems and elsewhere as shown.

Flexible ducts shall be listed by Underwriters Laboratories, Inc.,
complying with UL 181. Ducts larger than 200 mm (8 inches) in diameter
shéll be Class 1. Ducts 200 mm (8 inches) in diameter and smaller may be
Class 1 or Class 2. '

Insulated Flexible Air Duct: Factory made including miner;l fiber
insulation with maximum C factor of 0.25 at 24 degrees C (75 degrees F)
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mean temperature, encased with a low permeability moisture barrier cuter
jacket, having a puncture resistance of not less than 50 Beach Units.
Acoustic-insertion loss shall not be less than 3 dB per 300 mm (foot) of
straight duct, at 500 Hz, based on 150 mm (6 inch) duct, of 750 m/min
{2500 fpm}.

Application Criteria:
1. Temperature range: -18 to 93 degrees C (0 to 200 degrees F) internal..

2. Maximum working velocity: 1200 m/min {4000 feet per minute).

3. Minimum working pressure, inches of water gage: 2500 Pa (10 inches)
positive, 500 Pa (2 inches) negative. . '

Duct Clamps: 100 percent nylon strap, 80 kg (175 pounds} minimum loop

tensile strength manufactured for this purpose cor stainless steel strap

with cadmium plated worm gear tightening device. Apply clamps with

sealant and as approved for UL 181, Class 1 installation.

2.5 FIRESTOPPING MATERIAL

Refer to Section 07 84 00, FIRESTOPPING.

PART 3 - EXECUTION

3.1 INSTALLATION

A.

Comply with provisions of Section 23 05 11, COMMON WORK RESULTS FCR HVAC
and STEAM GENERATION, particularly regarding coordination with other
trades and work in existing buildings. ’

Fabricate and install ductwork and accessories in accordance with

referenced SMACNA Standards:

1. Drawings show the general layout of ductwork and accessories but do
not show all required fittings and offsets that may be necessary to
connect ducts to equipment, boxes, diffusers, grilles, ete., and teo
coordinate with other trades. Fabricate ductwork based on field
measurements., Provide all necessary fittings and offsets at no
additional cost to the government. Coordinate with other trades for
space available and relative location of HVAC equipment and
accessories on ceiling grid. Duct sizes on the drawings are inside
dimensions which shall be altered by Contractor to other dimensions
with the same air handling characteristics where necessary to avoid
interferences and clearance difficulties.

2. Provide duct transitions, offsets and connections to dampers, coils,
and other equipment in accordance with SMACNA Standards, Section IT.
Provide streamliner, when an obstruction cannot be avoided and must
be taken in by a duct. Repair galvanized areas with galvanizing

repair compound.
3. Provide bolted construction and tie~rod reinforcement in accordance

with SMACNA Standards.
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Install duct hangers and supports in accordance with SMACNA Standards,
Chapter 4.

Seal openings around duct penetrations of fleoors and fire rated
partitions with fire stop material as requiréd by NFPA 90A.

Flexible duct installation: Refer to SMACNA Standards, Chapter 3. Ducts
shall be continuous, single pisces not over 1.5 m (5 feet) long (NFPA
90A), as straight and short as feasible, adequately suppcrted.
Centerline radius of bends shall be not less than two duct diameters.
Make connections with clamps as recommended by SMACNA. Clamp per SMACNA
with one clamp on the core duct and one on the insulation jacket.
Flexib}e ducts shall not penetrate floors, or any chase or partition

designated as a fire or smoke barrier, including corrideor partiticns

fire rated one hour or two hour. Support ducts SMACNA Standards.

Where diffusers, registers and grilles cannot be installed to avoid
seeing inside the duct, paint the inside of the duct with flat black
paint to reduce visibility.

Protection and Cleaning: Adequately protect equipment.and materials
against physical damage. Place equipment in first class operating
condition, or return to source of supply for repair or replacement, as
determined by Resident Engineer. Protect eqguipment and ducts during
construction against entry of foreign matter to the inside and clean
both inside and outside before operaticn and painting. When new ducts
are connected to existing ductwork, clean both new and existing ductwork

by mopping and vacuum cleaning inside and outside before operation.

~~-END- - -
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SECTION 23 37 00
AIR QUTLETS AND INLETS

PART 1 - GENERAL
1.1 DESCRIPTION
A. Air Outlets and Inlets: Diffusers, Registers, and Grilles.
1.2 RELATED WORK
A. Outdoor and Exhaust Louvers: Section 08 90 00, LOUVERS AND VENTS.
B. General Mechanical Requirements: Section 23 05 11, CCMMON WORK RESULTS
FOR HVAC AND STEAM GEMERATION.
1.3 QUALITY ASSURANCE
A. Refer to article, QUALITY ASSURANCE, in Section 23 05 11, COMMON WORK
RESULTS FOR HVAC AND STEAM GENERATION.
B. Fire Safety Code: Comply with NFPA 90A.
1.4 SUBMITTAILS
A. Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRCDUCT DATA,
and SAMPLES.
B. Manufacturer's Litérature and Data:
1. Air intake/exhaust hoods.
2. Diffusers, registers, grilles and accessoriles.
C. Coordination Drawings: Refer to article, SUBMITTALS, in Section 23 05
11, COMMON WORK RESULTS FCR HVAC AND STEAM GENERATION.
1.5 APPLICABLE PUBLICATIONS
A, The publications listed below form a part of this specification to the
extent referenced. The publications are referenced in the text by the
basic designation only.

B. Air Diffusion Council Test Code:

1062 GRD=84..veeunennn.. Certification, Rating, and Test Manual 4%
Edition
C. National Fire Protection Association (NFPA):
90B-09. ... i Standard for the Instailation of Air
Conditioning and Ventilating Systems
F. Underwriters Laboratories, Inc. (UL}:
181-08..........00\ .+..UL Standard for Safety Factory-Made Air Ducts

and Connectors
PART 2 - PRODUCTS
2.1 AIR OUTLETS AND INLETS

A. Materialg:
1. Steel or aluminum. Provide manufacturer's standard gasket.

2. Exposed Fastenings: The same material as the respective inlet or

cutlet. Fasteners for aluminum may be stainless steel.
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3. Contractor shall review all celling drawings and details and provide
all ceiling mounted devices with appropriate dimensions and trim for
the specific locations.

B. Performance Test Data: In accordance with Air Diffusion Council Code
1062GRD.
C. Air Supply Outlets:

1. Ceiling Diffusers: Suitable for surface mounting, exposed T-bar or
special tile ceilings, off-white finish, square or round neck
connection as shown con the drawings. Provide plaster frame for units
in plaster ceilings.

a. Perforated face type: Manual adjustment for one-, two-, three-, or
four-way horizontal air distribution pattern without change of air
volume or pressure. Provide equalizing or contreol grid and opposed
blade over overlapping blade damper. Perforated face diffusers for
VAV systems shall have the pattern controller con the inner face,
rather than in the neck and designed to discharge air horizontally

at the ceiling maintaining a Coanda effect.

2. Jet Diffusers: Aluminum constructicn (nozzle and frame) suitable for
wall or ceiling mounting or direct mounting on ducts. .

D, Return and Exhaust Registers and Grilles: Provide opposed blade damper
without removable key operator feor registers.

1. Finish: Off-white baked enamel for ceiling mounted units.
2. Perforated Face Type: To match supply units.
E. Accustic Transfer Grille: Aluminum, suitable for partition or wall
mounting.
2.4 WIRE MESH GRILLE
A, Use grilles ﬁhere shown in unfinished areas such as mechanical rooms.
PART 3 - EXECUTION
3.1 INSTALLATION

A, Comply with provisions of Secticn 23 02 11, COMMON WORK RESULTS FOR HVAC
AND STEAM GENERATION, particularly regarding coordination with other ~
trades and work in existing buildings.

B. Protection and Cleaning: Protect equipment and materials against
physical damage. Place equipment in first class operating condition, or
return to scurce of supply for repair or replacement, as determined by
Resident Engineer. Protect equipment during construction against éntry‘
of foreign matter to the inside and clean both inside and outside before

operation and painting.
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3.2 OPERATING AND PERFCRMANCE TESTS
Refer to Section 23 05 11, COMMON WORK RESULTS FOR HVAC AND STEAM
GENERATION

---END-- -
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, SECTION 26 05 11
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS

PART 1 - GENERAL

1.1 CESCRIPTION

This section applies to all sections of Division 26.

Furnish and install electrical systems, materials, equipment, and
accéssories in accordance with the specifications and drawings.
Capacities and ratings of motors, transformers, conductors and cable,
switchboards, switbhgear, panelbocards, motor control centers,
generators, automatic transfer switches, and other items and
arrangements for the specified items are shown on the drawings.
Electrical service entrance eguipment and arrangements for temporary
and permanent connections to the electric utility company’s system
shall conform to the electric utility company's requirements.
Coordinate fuses, circuit breakers and relays with the electric utility
company’s system, and obtain electric utility company approval for
sizes and settings of these devices.

Conductor ampacities specified or shown on the drawings are based on
copper conductors, with the cbnduit and raceways sized per NEC.

Aluminum conductors are prohibited.

1.2 MINIMUM REQUIREMENTS

A,

The Internaticnal Building Code (IBC), Naticonal Electrical Code (NEC),
Underwriters Laboratories, Inc. {[UL), and National Fire Protection
Assoclation (NFPA) codes and standards are the minimum requirements for
materials and installation.

The drawings and specifications shall govern in those instances where

requirements are greater than those stated in the above ¢odes and

standards.

1.3 TEST STANDARDS

A.

All materials and equipment shall be listed, labeled, or certified by a
Nationally Recognized Testing Laboratory (NRTL) to meet Underwriters
Labhoratories, Inc. (UL), standards where test standards have been
established. Materials and equipment which are not covered by UL
standards will be accepted, providing that materials and equipment are
listed, labeled, certified or otherwise determined to meet the safety
reguirements of a NRTL. Materials and equipment which no NRTL accepts,
certifies, lists, labels, or determines to be safe, will be considered

if inspected or tested in accordance with national industrial
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standards, such as ANSI, NEMA,. and NETA. Evidence of compliance shall

include certified test reports and definitive shop drawings.

B. Definitions:

1. Listed: Materials and eguipment included in a 1ist published by an

organization that is acceptable to the Authority Hawving Jurisdiction

and concerned with evaluation of products or services, that

maintains periodic inspection of production or listed materials and

equipment or pericdic evaluation of services, and whose listing

states that the ﬁaterials and equipment either meets appropriate

designated standards or has been tested and found suitable for a

specified purpose. .

Labeled: Materials and equipment to which has been attached a label,

symbol, or other identifying mark of an orgahizéﬁion that is

acceptable to the ARuthority Having Jurisdiction and concerned with

product evaluation, that maintains periodic inspection of production

of labeled materials and equipment, and by whose labeling the

manufacturer indicates compliance with appropriate standards orx

performance in a specified manner.

Certified: Materials and equipment which:

a. Have been tested and found by & NRTL to meet nationally
recognized standards or to be safe for use in a specified manner,

b. Are pericdically inspected by a NRTL.

¢. Bear a label, tag, or other record of certification.

Naticnally Recognized Testing Laboratory: Testing laboratory which

is recogniied and approved by the Secretary of Labor in accordance

with OSHA requlations.

1,4 QUALIFICATIONS (PRCDUCTS AND SERVICES)

A, Manufacturer’s Qualifications: The manufacturer shall regularly and

currently produce, as one of the menufacturer's principal products, the

materials and equipment specified for this preject, and shall have

manufactured the materials and equipment for at least three years.

B. Product Qualification:

1.

Manufacturer's materials and equipment shall have been in
satisfactory operation, on three installations of similar size and
type as this project, for at least three years.

The Gowvernment reserves the right te require the Contractor to
submit a list_of installations where the materials and equipment

have been in operation before approval.
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C. Service Qualifications: There shall be a permanent service organization
maintained or trained by the manufacturer which will render
satisfactory service to this installation within // four // eight //
hours of recéipt of notification that service 1s needed. Submit name
and address of service organizations.

1.5 APPLICABLE PUBLICATIONS

A. Applicable publications Iisted in all Sections of Division 26 are the

latest issue, unless otherwise noted.

1.6 MANUFACTURED PRODUCTS
A. Materials and equipment furnished shall be of current production by

manufacturers regularly engaged in the manufacture of such itéms, and

for which replacement parts shall be available.

B. When more than one uﬁit of the same class or type ¢of materials and
equipment is required, such units shall be the product of a single
manufacturer.

C. Equipment Assemblies and Components:

1. Compenents of an assembled unit need not be products of the same
manufacturer.

2, Manufacturers of équipment a$semblies, which include compcnents made
by others, shall assume complete responsibility for the final
assembled unit. 7 7

3. Components shall be compatible with each other and with the total
assembly for the intended service.

4. Constituent parts which are similar shall be the product of a single
manufacturer,

D. Factory wiring and terminals shall be identified on the equipment being
furnished and con all wiring diagrams:

E. When Factory Testing Is Specified:

1. The Government shall have the opticn of witnessing factory tests.,
The Contracter shall notify the Government through the COTR a
minimum of 15 working days prior to the manufacturer’s performing
thé factory tests.

2. Four copies of certified test reports shall be furnished To the COTR

two weeks prior to final inspecticn and not more than 90 days after

completion of the tests.
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3. When materials and equipment fail factory tests, and re-testing and
- re-inspection is required, the Contractor shall bhe liable for all
additicnal expenses for the Government to witness re~testing.
1.7 VARIATIONS FROM CONTRACT REQUIREMENTS
A. Where the Government or the Contractor requests variations from the
contract requirements, the connecting work and related components shall
include, but not be limited to additions or changes to branch circuits,
circuit pretective devices, conduits, wire, feeders, controls, panels
and installation methods.
1.8 MATERIALS AND EQUIPMENT PROTECTION
A. Materials and equipment shall be protected during shipment and storage
against physical damage, vermin, dirt, corrosive substances, fumes,
moisture, cold and rain. )

1. Store materials and eguipment indoors in clean dry space with
uniform temperature to prevent cendensation.

2., During installation, equipment shall be protected against entry of
foreign matter, and be vacuum-cleaned both inside and cutside before
testing and operating. Compressed air shall not be used to clean
equipment. Remove loose packing and flammable materials from inside
eguipment.

3. Damaged equipment shall be repaired or replaced, as determined by
the COTR.

4. Painted surfaces shall be protected with factory installed removable
heavy kraft paper, sheet vinyl or equal.

5. Damaged paint on equipment shall be refinished with the same quality
of paint and workmanship as used by the manufacturer so repaired
areas are not obvious.

1.9 WORK PERFORMANCE
A, All electrical work shall comply with the requirements of NFPA 70

{(NEC), NFPA 70B, NFPA 70E, OSHA Part 1910 subpart J — General

Environmental Coﬁtrols, OSHA Part 1910 subpart K — Medical and First

Aid, and OSHA Part 1910 subpart 8§ - Electrical, in additicn to other

references required by contract.

B. Job site safety and worker safety is the responsibility of the

Contractor, '

C. Electfical work shall be accomplished with all affected circuits or

equipment de-energized. When an electrical outage canneot be

26 05 11 - 4




671-13-105~Spinal Cord Injury Corridors Renovation 12-01-12

accomplished in this manner for the reguired work, the following

requirements are mandatory:

1. Rlectricians must use full protective eguipment {i.e., certified and
tested insulating material to cover exposed energized electrical
compenents, certified and tested insulated tools, etc.) while
working on energized systems in accordance with NFPA 70E.

2. Before initiating any weork, a job specific work plan must be
developed by the Contractor with a peer review conducted and
documented by the CCTR and Medical Center staff. The work plan must
include procedures to be used on and near the live electrical
equipment, barriers to be installed, safety equipment tc be used,
and exit pathways. . 7 '

3. Work on energized circuits or equipment cannot begin until prior
written approval is obtained from the COTR.

D. For work that affects existing electrical systems, arrange, phase and
perform work te assure minimal interference with nermal functioning of
the facility. Refer to Article OPERATIONé AND STORAGE AREAS under
Section 01 00 00, GENERAL REQUIREMENTS. .

E. New work shall be installed and connected to existing work neatly,
safely and professionally. Disturbed or damaged work shall be replaced
or repaired to its prior conditions, as reguired by Section 01 0C 00,
GENERAL REQUIREMENTS.

F. Coordinate lccation of eguipment and conduit with other trades to
minimize interference.

1,10 EQUIPMENT INSTALLATION AND REQUIREMENTS
A, Eguipment location shall be as close as practical to locations shown on

the drawings.
Working clearances shall not be less than specified in the NEC.

C.VInaccessible Equipment:

1. Where the Government determines that the Contractor has installed
equipment not readily accessible for operation and maintenance, the
equipment shall be removed and reinstalled as directed at no
additional cost to the Government. .

2. "Readily accessible” is defined as being capable of being reached
quickly for operation, maintenance, or inspections without the use
of ladders, or without climbing or crawling under or over obstacles
such as, but not limited to, motors, pumps, belt guards,

transformers, piping, ductwork, conduit and raceways.
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D. Electrical service entrance equipment and arrangements for temporary
and permanent connections to the electric utility company’s system
shall conform to the electric utility company's requirements.
Coordinate fuses, circuit breakers and relays with the electric‘utility
company’s system, and obtain electric utility company approval for
sizes and settings. of these devices.

1.11 EQUIPMENT IDENTIFICATION

A. In addition to the requirements of the NEC, install an identification
sign which clearly indicates information required for use and
maintenance of items such as switchboards and switchgear, panelboards,
cabinets, motor controllers, fused and non-fused safety switches,
generators, automatic transfer switches, separately encleosed circuit
breakers, individual breakers and contreollers in switchboards,
switchgear and motor control assemblies, control devices and other
significant equipment.

B. Identification signs for Normal Power System equipment shall be
léminated black phenoli¢ resin with a white core with engraved
lettering. Identification signs for Essential Flectrical System (EES)
equipment, as defined in the NEC, shall be laminated red phenclic resin
with a white core with engraved lettering. Lettering shall be a minimum
of 12 mm (1/2 inch) high. Identification signs shall indicate equipment
designation, rated bus amperage, veltage, number of phases, number of
wires, and type of EES power branch as applicable. Secure nameplates
with screws.

C. Install adhesive arc flash warning labels on all eguipment as required
by NFPA 70E. Label shall indicate the arc hazard boundary (inches},
working distance (inches), arc flash incident energy at the working
distance {(calories/cm2), reguired PPE category and description
including the glove rating, ﬁoltage rating of the eguipment, limited
approach distance {inches), restricted approach distance (inches),
prochibited approach distance (inches), equipment/bus name, date
prepared, and manufacturer name and address.

1.12 SUBMITTALS

2, Submit to the COTR in accordance with Section 01 33 23, S5HOP DRAWINGS,
PRODUCT DATA, AND SAMFPLES.

B. The Government's approval shall be obtained for all materials and

equipment before delivery to the job site. Delivery, storage or
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installation of materials and equipment which has not had prior
approval will not be permitted.

All submittals shall include six copies of adequate descriptive
literature, catalog cuts, shop drawings, test reports, certificaticns,
samples, and other data necessary for the Government to ascertain that
the proposed materials and equipment comply with drawing -and
specification regquirements. Catalog cuts submitted for approval shall
be legible‘and clearly identify specific materials and equipment being
submitted. '

Submittals for individual systems and equipment assemblies which
consist of morse than one item or component shall be made for the system
or assembly as a whole, Partial submittals will not be considered for

approval.
i. Mark the submittals, "SUBMITTED UNDER SECTION

”

2. Submittals shall be marked to show specification reference including
the section and paragraph numbers.

3. Submit each secticn separately.

The submittals shall include the following:

1. Information that Confirms:bompliance with contract requirements.
Include the manufacturer's name, nodel or catalog numbers, catalog
information, technical data sheets, shop drawings, manuals,
pictures, nameplate data, and test reports as required.

2. Blementary and interconnection wiring diagrams for communication and
signal systems, contrel systems, and equipment assemblies. ALl
terminal points and wiring shall be identified on wiring diagrams.

3. Parts list which shall include information for replacement parts and
ordering instructions, as recommended by the eguipment manufacturer.

After approval and prior to¢ installation, furniéh the COTR with one

sample of each of the following:

1. A minimum 300 mm (12 inches) length of each type and size of wire
and cable along with the tag from the coils or reels from which the
sample was taken. The length of the sample shall be sufficient to
show all markings provided by the manufacturer.

Each type of conduit coupiing, bushing, and termination fitting.

2
3. Conduit hangers, clamps, and supports.
4, Duct sealing compound.

5

Each type of receptacle, toggle switch, lighting control sensor,

cutlet box, manual motor'startér,_device wall plate, engraved
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nameplate, wire and cable splicing and terminating material, and
branch circuit sgingle pcle molded case circuit breaker.
1.13 SINGULAR NUMBER
A, Where any device or part of equipment is referred to in these
specifications in the singular number (e.g., "the switch"},- this
reference shall be deemed to apply to as many such devices as are
required to complete the installation as shown on the drawings.
1.14 ACCEPTANCE CHECKS AND TESTS -
A. The Contractcecr shall furnish the instruments, materials, and labor for
tests.

1.16 WARRANTY
A. All work performed and all equipment and material furnished under this

Division shall be free from defects and shall remain so for a period of
one year from the date of acceptance of the entire installation by the
Contracting Officer for the Government.

1.17 INSTRUCTICN

A. Instruction to designated Government personnel shall be provided for
the particular equipment or system as required in each associated
technical specification section.

B. Furnish the services of competent instructors to give full instructicn
in the adjustment, operaticn, and maintenance of the specified
equipment and system, including pertinent safety requirements.
Instructors shall be thoroughly familiar with all aspects of the
installation, and shall be trained in operating theory as well as
practical operation and maintenance procedures.

C. A training schedule shall be developed and submittéd by the Contractor
and approved by the COTR at least 30 days prior to the planned

training.

~~~END-—-
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SECTION 26 05 19
LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

1.1 DESCRIPTION
A, This section specifies the furnishing, installaticn, connecticn, and

testing of the electrical conductors and cables for use in electrical
systems rated 600 V and below, indicated as cable(s), conductor(s},
wire, or wiring in this section.

1.2 RELATED WORK
A. Section 07 84 00, FIRESTOPPING: Sealing around penetrations to maintain

the integrity of fire-resistant rated construction.

B. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS:
Reguirements that apply to all sections of Division 26.

C.‘Secticn 26 05 26, GROUNDING AND BONDING FCR ELECTRICAI SYSTEMS:
Requirements for personnel séfety and to provide a low impedance path
for possible ground fault currents,.

D. Section 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduits
Ffor conductors and cables.

1.3 QUALITY ASSURANCE
L. Refer tc Paragraph, QUALIFICATIONS (PRODUCTS AND SERVICES), .in Section

26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS.

1.4 FACTORY TESTS
A, Conductors and cables shall be thoroughly tested at the factory per
NEMA to ensure that there are no electrical defects. Factory tests
shall be certified. .

1.5 SUBMITTALS
A. Submit six copies of the following in accofdance with Section 26 05 11,

REQUIREMENTS FOR ELECTRICAL INSTALIATTONS.

1. Shop Drawings:
a. Submit sufficient information to demonstrate compliance with

drawings and specifications.

b. Submit the following data for approval:
1} Electrical ratings and insulation type for each conductor and

cable. .
2) Splicing_materials and pulling lubricant.

2, Certifications: Two weeks prior to final inspection, submit the

following.
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a. Certification by the manufacturer that the conductors and cables
conform to the requirements of the drawings and specificaticns.
b, Certification by the Contractor that the conductors and cables
have been properly installed, adjusted, and tested.
1.6 APPLICABLE PUBLICATIONS '

A, Publications listed below {including amendments, addenda, revisions,
supplements and errata) form a part of this specification te the extent
referenced. Publications are reference in the text by designation only.

B. American Society of Testing Material (ASTM):

D2301-10. . v i Standard Specification for Vinyl Cﬁloride
7 Plastic Pressure-Sensitive Electrical
Insulating Tape

C. National Electrical Manufacturers Asscciation (NEMA):

WC 70-09. .. 00 Power Cables Rated 2000 Volts or Less for the
Distribution of Electrical Energy

D. National Fire Protection Association (NFPA):

B 0 R O National Electrical Code (NEC)

E. Underwriters Laboratories, Inc. (UL}:
44-10..... e e Thermoset-Insulated Wires and Cabies
B3-08......oii i, Thermoplastic—Insuiated Wires and Cables
467-07..... e . .Grounding and Bonding Equipment
486A-486B-03. .. ...... ... Wire Connecfcrs
4B86C-04. ... i it Splicing Wire Conﬁectors
486D-05. . . i Sealed Wire Connector Systems
4B86E-0%. .. i iiiiie e Equipment Wiring Terminals for Use with

Aluminum and/or Copper Conductors
493-07....... e aae e Thermoplastic-Tnsulated Undergrcund Feeder and
Branch Circuit Cables

Bl4AB-04 . . i it Conduit, Tubing, and Cable Fittings

PART 2 - PRODUCTS
2.1 CONDUCTORS AND CABLES

A, Conductors and cables shall be in accordance with NEMA, UL, as
specified herein, and as shown on the drawings. '

A1l conductors shall be copper.
C. Single Conducter and Cable:
1. No. 12 AWG: Minimum size, except where smaller sizes are specified

herein or shown on the drawings.
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. No. 8 BRWG and larger: Stranded.

No. 10 AWG and smaller: Solid; except shall be stranded for final
connection to motors, transformers, and vibrating equipment.

Insulation: THHN-THWN and XHHW-2. XHHW-2 shall be used for isolated

power systems.

D. Color Code:

1.

No. 10 AWG and smaller: Solid color insulation or solid color

coéting.

" No., 8 AWG and larger: Color-coded using cne of the following

methods:

a. Solid cclor insulation or solid color coating,

b. Stripes, bands, or hash marks of color specified.

c. Color using 12 mm (0.735 inches) wide tape.

For modifications and additions to existing wiring systems, coler
coding shall conform to the existing wiring system.

Conductors shall be color-coded as follows:

208/120 v Phase 480/277 Vv
Black A Brown
Red B Orange
Blue C Yeliow
White Neutral Gray *
* or white with colored {other than green) tracer.

Lighting circuit “switch legs”, and 3-way and é4-way switch
“traveling wires,” shall have color coding that is unique and
distinct {(e.g., pink and purple) from the color coding indicated
above. The unigue color codes shall be solid and in accordance with
the NEC. Coordinate coler coding in the field with the //Resident
Engineer// //COTR///. . '

Color code for isolated power system wiring shall be in accordance

with the NEC.

2.2 SPLICES

A. Splices shall be in accordance with NEC and UL.

B. BAbove Ground Splices for No. 10 AWG and Smaller:

1.

Z.

Solderless, screw-on, reusable pressure cable type, with integral
insulation, approved for copper and aluminum conductors.

The integral insulater shall have a skirt to completely cover the

stripped conductors.
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The number, size, and combinatien of conductors used with the

connector, as listed on the manufacturer's packaging, shall be

strictly follewed.

Above Ground Splices for No. 8 AWG to No. 4/0 AWG:

1.

Compression, hex screw, or bholt clamp-type of high conductivit& and
corrosion-resistant material, listed for use with copper and
aluminum conductors. _

Insulate with materials approved for the particular use, location,
voltage, and temperature, Insulation level shall be not less than
the insulation level of the conductors being joined.

Splice and insulation shall be product of the same manufacturer.
All beolts, nuts, and washers used with spliceé shall be //zinc-

plated//cadmiuvm-plated// steel.

Above Ground Splices for 250 kemil and Larger:

1.

3.

Long barrel “butt-splice” or “sleeve” type compressicn connectors,
with minimum of two compression indents per wire, listed for use
with copper and aluminum conductors.

Insulate with materials approﬁed for the particular use, location,
voltage, and temperature. Insulaticn level shall be not less than
the imsulation level of the conductors being joined.

Splice and insulation shall be product of the same manufacturer.

Plastic electrical insulating tape: Per ASTM D2304, flame—fetardant,

cold and weather resistant,

2.3 CONNECTORS AND TERMINATIONS

A, Mechanical type of high conductivity and corrosicn-resistant material,

listed for use with copper and aluminum conductors,

Long barrel compression type of high conductivity and

corrosion-resistant material, with minimum of two compressicn indents

per wire, listed for use with copper and aluminum conductors.

2.4 CONTROL WIRING

Unless otherwise specified elsewhesre in these specifications, control

A,

wiring shall be as specified herein, except that the minimum size shall

be not less than No. 14 AWG.
Control wiring shall be sized such that the voltage drop under in-rush

conditions does not adversely affect operation of the controls.

2.5 WIRE LUBRICATING COMPOUND.

A. Lubricating compound shall be suitable for the wire insulation and

conduit, and shall not harden or become adhesive.
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Shall not be used on conductors for isolated power systems.

PART 3 - EXECUTION

3.1 GENERAL

A.

Install conductors in accordance with the NEC, as specified, and as

shown on the drawings.

Install all conductors in raceway systems.

Splice conductors conly in outlet boxes, junction boxes, pullboxes,

manholes, or handholes. ’

Conductors of different systems (e.g., 120 V and 277 V) shall not be

installed in the same raceway.

Install cable supports for all vertical feeders in accordance with the

NEC, Provide split wedge type which firmly clamps each individual cable

and tightens due to cable weight.

In panelboards, cabinets, wireways, switches, enclosures, and equipment

assemblies, neatly form, train, and tie the conductors with non-

metallic ties.

For ceonnections to motors, transformers, and vibrating equipment,

stranded conductors shall be used only from the last fixed point of

connection to the motors, .transformers, or vibrating equipment.

Use expanding foam or non-hardening duct-seal to seal conduits enfering

a building, after instaliation of conductors.

Conducter and Cable Pulling:

1. Provide installation equipment that will prevent the cutting or
abrasicn of insulation during pulling. Use lubricants approved for
the cable.

2. Use nonmetallic pull ropes.

3. Attach pull ropes by means cof either woven basket ¢grips or pulling
eyes attached directly to¢ the conductors.

4. All conductors in a single conduit shall be pulled simultaneously.

5. Do not exceed manufacturer’s recommended maximum pulling tensicns

and sidewall pressure values.
No more than three branch circuits shall be installed in any one

conduit.
When stripping stranded conducters, use a tool that does not damage the

conductor cor remove conducteor strands.
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3.2 SPLICE AND TERMINATION INSTALLATION

A, Splices and terminations shall be mechanically and electrically secure,
and tightened to manufacturer’s published torgue values using a torgue
screwdriver or wrench.

B. Where the Government determines that unsatisfactory splices or
terminations have been installed, raplace the splices or terminations
at no additional cost to the Government.

3.4 CONDUCTCR IDENTIFICATION

A. When using colored tape to identify phase, neutral, and ground
conductors larger than No. 8 AWG, apply tape in half-overlapping turns
for a minimum of 75 mm (3 inches) Ffrom terminal points, and in junction
boxes, pullboxes, and manholes. Apply the last two laps of tape with no
tension to prevent poss;ble unwinding. Where cable markings are covered
by tape, apply tags to cable, stating size and insulation type.

3.5 FEEDER CONDUCTOR IDENTIFICATION

A, In each interior pullbox and each underground manhole and handhcle,
iqstall brass tags on all feeder conducteors to clearly designate their
circuit identification and voltage. The tags shall be the embossed

type, 40 mm (1-1/2 inches) in diameter and 40 mils thick. Attach tags

with plastic ties.
3.6 EXISTING CONDUCTORS
A. Unless specifically indicated on the plans, existing conductors shall
not be reused.

3.7 CONTROL WIRING INSTALLATION

A. Unless otherwise specified in other sections, install contrel wiring
and connect to eguipment to perform the required functions as specified
or as shown on the drawings.

B. Install a separate power supply circuit for each system, except where
otherwise shown on the drawings.

3.8 CONTROL WIRING IDENTIFICATION
Install a permanent wire marker .on each wire at each termination.

B. Identifying numbers and letters on the wire markers shall correspond to
those on the wiring diagrams used for installing the systems.
Wire markers shall retain their markings after cleaning.

D. In each manhole and handhole, install embossed brass tags to identify
the system served and function.

3.9 DIRECT BURIAL CABLE INSTALLATION

A. Tops of the cables:
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1. Below the finished grade: Minimum 600 mm (24 inches} unless greater
depth is shown,. )

2. Below road and other pavement surfaces: In conduit as specified,
minimum 760 mm {30 inches) unless greater depth 1s shown.

3. Do net install cables under railroad tracks.

B. Under road and paved surfaces: Install cables in concrete-encased
galvanized stezel rigid conduits. Size as shown on plans, but not less
than 50 mm (2 inches) trade size with bushings at each end of each
conduit run. Provide size/quantity of conduits required to accommodate

cables plus one spare.

C. Work with extreme care near existing ducts, conduits, cables, and cther

utilities te prevent any damage.
D. Excavation and backfill is specified in Section 31 2C 00, EARTH MOVING.

~In addition:
1. Place 75 mm (3 inches) bedding sand in the trenches before

installing the cables,

2. Place 75 mm (3 inches) shading sand over the ilunstalled cables.

3. Install continuous horizontal 25 mm by 200 mm (1 inch x B inches)
preservative-impregnated wood planking 75 mm (3 inches) above the-
cables before backfilling.

E. Provide horizontal slack in the cables. for contraction during cold

weather.
F. Install the cables in continuous lengths. Splices within cable runs

shall not be accepted,
G. Connections and terminations shall be listed submersible-type designed

for the cables being installed.
H. Warning tape shall be continucusly placed 300 mm (12 inches) above the
buried cables.
3.10 ACCEPTANCE CHECKS AND TESTS
A. Perform in accordance with the manufacturer's recommendations. In
addition, include the fcollowing:
1. Visual Inspection and Tests: Inspect physical condition.
2. ELectrical tests:
a, After installation but before connection teo utilization devices,
such as fixtures, motors, or appliances, test conductors phase-
to-phase and phase-to-ground resistance with an insulation

resistance tester. Existing conductors to be reused shall also

be tested.
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b. Applied voltage shall be 500 Vv DC for 300 V rated cable, and 1000
V DC for 600 V rated cable. Apply test for one minute or until
reading is constant for 15 seconds, whichever is longer. Minimum
insulation resistance values shall not be less than 25 megohms
for 300 V rated cable and 100 megohms for 600 V rated cable.

¢c. Perform phase rotation test on all three-phase circuits.

---END---
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" SBECTION 26 05 26
GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 — GENERAL

1.1 DESCRIPTION

A. This section specifies the furnishing, installation, connection, and
testing of grounding and bonding eguipment, indicated as grounding
equipment in this section.

B. “Grounding electrode system” refers to grounding electrode conductcrs
and all electrodes required or allowed by NEC, as well as made,
supplementary, and lightning protecticn system grounding electrodes.

C. The terms “connect” and “beond” are used interchangeably in this sectiocn
and have the same meaning.

1.2 RELATED WORK
A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS:

Requirements that apply to all sections of Division 26.
B. Sectiocn 26 03 1%, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES:
Low-voltage conductors.
1.3 QUALITY ASSURANCE
A. Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND SERVICES), in Section
26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS.

1.4 SUBMITTALS _
A. Submit six copies of the following in accordance with Section 26 05 11,

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS.

1. Shop Drawings:

a. Submit sufficient information to demonstrate compliance with
drawings and specifications.

b. Submit plans showing the location of system grounding electrodes
and connections, and the routing of aboveground and underground
grounding elecirode conductors.

2. Test Reports:
a. Two weeks prior to the final inspection, submit ground resistance

field test reports to the COTR.

3. Certifications:
a. Certification by the Contractor that the grounding equipment has

been properly installed and tested.
1.5 APPLICABLE PUBLICATIONS '

A. Publications listed below (including amendments, addenda, revisions,

supplements, and errata) form a part of this specification to the
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extent referenced. Publications are referenced in the text by

designation only.
B. American Society for Testing and Materials (ASTM):

B1-07......... veasas...3tandard Specification for Hard-Drawn Copper
Wire p
B3-07 .. i ...8tandard Specification for Scft or Annealed

Copper Wire

Stranded Copper Conductorsf Hard, Medium-Hard,
or Soft
C. Institute of Electrical and Electronics Engineers, Inc, (TERE):
Bl-B3. .. ittt IEEE Guide for Measuring Earth Resistivity,
Ground Impedance, and Earth Surface Potentials

of a Ground System Part 1: Normal Measurements

D. Naticnal Fire Protection Association (NFPA):

JO0-11. ... i riniininnnnnn National Electrical Code (NEC)
TOE=-12. 0t eeeinennnnnn. National Electrical Safety Code
99-12. ittt Health Care Facilities '

#. Underwriters Laboratories, Inc. (UL):
44-10 i ...Therﬁoset—Insulated Wires and Cables
B3-08 it Thermoplastic-Insulated Wires and Cables
467-07 ..., e r e Grounding and Bonding Equipment

SPEC WRITER NOTE: Delete between // --—-—
// 1if not applicable to project. Also
delete any cther item or paragraph not
applicable to the section and renumber

the paragraphs.

PART 2 - PRODUCTS
2.1 GROUNDING AND BONDING CONDUCTORS
A. Equipment grounding conductors shall be insulated stranded copper,
except that sizes No. 10 AWG and smaller shall be solid copper.
Insulation color shall be continucus green for all equipment grounding
conductors, except that wire sizes No. 4 AWG and larger shall be
identified per NEC.
B. Bonding conductors shall be bare stranded copper, except that sizes No.
10 AWG and smaller shall be bare solid copper. Bonding conductors

shall be stranded for final connection to motors, Eransformers, and

vibrating equipment.
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Conductor sizes shall not be less than shown on the drawings, or not

less than required by the NEC, whichever is greater.

Insulation: THHN-THWN and XHHW-2. XHHW-2 shall be used for_isolated

power systems.

PART 3 - EXECUTION

3.1 GENERAL

A,

B.

Install grounding equipment in accordance with the NEC, as shown on the

drawings, and és specified herein,

System Grounding:

1. Secondarylservice neutrals: Ground at the supply side of the
secondary disconnecting means and at the related transformer.

2. Separately derived systems (transformers downstream from the service
entrance): Ground the secondary neutral.

Equipment Grounding: Metallic piping, building structural steel,

electrical enclosures, raceways, junction boxes, ocutlet boxes,

cabinets, machine frames, and other conductive items in close proximity

with electrical circuits, shall be bonded and grounded.

For patient care area electrical power system grounding, conform to

NFPA 22 and NEC.

3.2 INACCESSIBLE GROUNDING CONNECTIONS

A,

Make grounding connections, which are normally buried or otherwise

inaccessible, by exothermic weld.

3.3 SECONDARY VOLTAGE EQUIPMENT AND CIRCUITS

A,

Main Bonding Jumper: Bond the secondary service neutral to the ground

bus in the service equipment.

Metallic Piping, Bulliding Structural Steel, and Supplemental

Electrode(s):

1. Provide a grouhding electrode conductor sized per NEC between the
service equipment groﬁnd'bus and all metallic water pipe systens,
building structural steel, and supplemental or made electrodes.
Provide jumpers across insulating joints in the metallic piping.

2. Provide a supplemental ground electrede as shown on the drawings and
bond to the grounding electrode system.

Switchgear, Switchboards, Unit Substations, Panelboards, Motor Control

Centers, Engine-Generators, Autcomatic Transfer Switches, and other

electrical equipment:

1. Connect the equipment grounding conductors to the ground bus.
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Connect metallic conduils by grounding bushings and eguipment

grounding conductor to the equipment ground bus.

3.5 RACEWAY

A.

Conduit Systems:

1.

Ground all metallic conduit systems. All metallic conduit systems
shall contain an‘equipment grounding conductoer.

Non-metallic conduit systems, except non-metallic feeder conduits
that carry a grounded conductor from exterior transformers to
interior or building-mounted service entrance eguipment, shall
contain an equipment grounding conducter.

Metallic conduit that only contains a grounding conductor, and is-
provided for its mechanical protection, shall. be bonded to that
conductor at the entrance and exit from the conduit.

Metallic conduits which terminate without mechanical connection to
an electrical equipment housing by means of locknut and bushings or
adapters, shall be provided with grounding bushings. Connect

bushings with a equipment grounding conductor to the eguipment

ground bus,

Feeders and Branch Circuits: Install egquipment grcunding conductors

with all feeders, and power and lighting branch circuits.

Boxes, Cabinets, Enclosures, and Panelboards:

1.

Bond the equipment grounding conductor to each pullbox, junction
box, outlet box, device box, cabinets, and other enclosures through
which the conductor passes (except for special grounding systems for
intensive care units and other critical units shown).

Provide lugs in each box and enclosure for equipment grounding

conductor termination.

Wireway Systems:

1.

Bond the metallic structures of wireway to provide electrical-
continuity throughout the wireway system, by connecting a No. & AWG
bonding jumper at all intermediate metallic enclosures and across
all section junctions.

Install insulated No. 6 AWG bonding jumpers between the wireway
system, bonded as required above, and the closest building ground at
each end and approximately every 16 M {50 feet).

Use insulated No. 6 AWG bonding Sjumpers to ground or bond metallic

wireway at each end for all intermediate metallic enclosures and

across all section junctions.
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4. Use ipsulated No. 6 AWG bonding Jjumpers to ground cable tray to
‘column-nmounted building ground plates (pads) at each end and
approximately every 15 M (49 feet).

Receptacles shall not be grounded through their mounting screws. Ground

receptacles with a jumper from the receptacle green ground terminal to

the device box ground screw and a jumper to the branch circuit
equipment grounding conductor.

Ground lighting fixtures to the equipment grounding conductor of the

wiring system. Fixtures connected with flexible conduit shall have a

green ground wire included with the power wires from the fixture

through the flexible conduit to the first outlet box.

Fixed electrical appliances and equipment shall be provided with a

ground lug for termination of the equipment greunding conductor.

Raised Floors: Provide bohding for all raised floor compeonents as shown

on the drawings.

Panelboard Bonding in Patient Care Areas: The eguipment grounding

terminal buses of the normal and essential branch circuit panel boards

serving the same individual patient vicinity shall be bonded together

with an insulated continucus copper conductor not less than No. 10 BWG,

installed in rigid metal conduit.

———END~~-
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SECTION 26 05 33
RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS

1 - GENERAL

1.1 DESCRIPTION

A.

This section specifies the furnishing, installation, and connection of
conduit, fittings, and boxes, to form complete, coordinated, grounded

raceway systems. Raceways are required for all wiring unless shown or

specified otherwise.
Definitions: The term conduit, as used in this specification, shall mean

any or all of the raceway Lypes specified.

1.2 RELATED WORK

A,

Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General

electrical requirements and items that are common to mere than one

secticn of Division 26.
Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:

Requirements for personnel safety and to provide a low impedance path

for possible ground fault currents.

1.3 QUALITY ASSURANCE

Refer to Paragraph, QUALIFICATIONS, in Section 26 05 11, REQUIREMENTS
FOR ELECTRICAL INSTALLATIONS.

1.4 SUBMITTALS

A.

In accordance with Section 26 05 11, REQUIREMENTS FOR ELECTRICAL
INSTALLATIONS, submit the following:
Manufacturer's Literature and Data: Showing each cable type and rating.
The specific item proposed and its area of application shall be
identified on the catalog cuts.
Shop Drawings:
1. Size and location of main feeders.
2. Size and location of panels and pull-boxes.
3. Laycut of reguired conduit penetrations through structural elements.
Certifications:
1. Two weeks prior to the final inspection, submit four copies of the
following certifications to the //Resident Engineer// //COTR//:
a. Certification by the manufacturer that the material conforms to
the reqguirements of the drawings and specifications.

b. Certification by the contractor that the material has been

properly installed.
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1.5 APPLICABLE PUBLICATIONS
A. Publications listed below {including amendments, addenda, revisions,
supplements, and errata) form a part of this specificaticn to the extent

referenced. Publications are referenced in the text by designation only.

B, National Fire Protection Association (NFPA):

FO0-08 . u st it v s e National Electrical Code (NEC)
C. Underwriters Laboratories, Inc. (UL):

C1-05....... e Flexible Metal Conduit

5-04. ... e Surface Metal Raceway and Fittings

6-07 . e, vve+...Blectrical Rigid Metal Conduit - Steel

50-95. . . i i e Enclosures for Electrical Equipment

360-093 ...t Liguid-Tight Flexible Steel Conduit

46707, i vi v i i Grounding and Bonding Equipment

514A-04..... e Metallic Outlet Boxes

514B~04, ... i Conduit, Tubing, and Cable Fittings

514C-96., ...ttt ninnnaaan Nommetallic Qutlet Boxes, Flush-Device Boxes and
Covers

651-05. .. i Schedule 40 and 80 Rigid PVC Conduit and
Fittings

651B~00....... vevvv.....Type EB and A Rigid PVC Conduit and HDPE Cenduit

TO97-07. i i, +...BElectrical Metallic Tubing

1242-06. 0t innnnnnnnnns Electrical Intermediate Metal Conduit - Steel

D. Naticnal Electrical Manufacturers Association (NEMA): '

eI S PYC Fittings for Use with Rigid PVC Conduit and
Tubing _ -

FBI-07 . it iciarnnnenn Fittings, .Cast Metal Boxes and Conduit Bodies
for Conduit, Electrical Metallic Tubing and
Cable

PART 2 - PRODUCTS
2.1 MATERIAL
A. Conduit Size: In accordance with the NEC, but not less than 0.5 in [13
mi] unless otherwise shown. Where permitted by the NEC, 0.5 in [13 mm]
flexible conduit may be used for tap connections to recessed lighting
fixtures.

B. Conduit:
1. Rigid steel: Shall conform to UL & and ANSI C80.1.

2. Rigid aluminum: Shall conform to UL 6A and ANSL C80.5.
3. Rigid intermediate steel conduit (IMC): Shall conform to UL 1242 and

ANSI C80.6.

26 05 33 - 2




8.

08-10

Electrical metallic tubing (EMT) : Shall conform to UL 797 and ANST

C80.3. Maximum size not to exceed 4 in [105 mm] and shall be

permitted only with cable rated 600 V or less.
Flexible galvanized steel conduit: Shall conferm to UL 1.

Liguid-tight flexible metal conduit: S$hall conform tc UL 360.
Dirsct burial plastic conduit: Shall conform to UL 651 and UL 651A,

heavy wall PVC or high density polyethylene (PE}.

Surface metal raceway: Shall conform to UL 5.

Conduit Fittings:
Rigid steel and IMC conduit fittings:

1.

a.
b.

Fittings shall meet the reguirements of UL 514B and NEMA FBI1.
Standard threaded couplings, locknuts, bushings, conduit bodies,
and elbows: Only steel or malleable iron materials are acceptable.
Integral retractable type IMC couplings are also acceptable.
Locknuts: Bonding type with sharp edges for digging into the metal
wall of an enclosure. ’

Bushings: Metallic iﬁsulating type, consisting of an insulating
insert, melded or locked into the metallic body of the fitting.
Bushings made entirely of metal or nonmetallic material are not
permitted.

Erickson {union-type} and set screw type cpuplingé: Approved for
use in concrete are permitted for use to complete a conduit run
where conduit is installed in concrete. Use set screws of case-
hardened steel with hex head and cup peint to firmly seat in
conduit wall for positive ground. Tightening of set screws with
pliers 1s prohibited.

Sealing fittings: Threaded cast iron type. Use continuous drain-
type sealing fittings to prevent passage of water vapor. In
concealed work, install fittings in flush steel boxes with blank

cover plates having the same finishes as that of other electrical

plates in the room.

Rigid aluminum conduit fittings:

a.

Standard threaded couplings, locknuts, bushings, conduit bodies,
and elbows: Malleable ircn, steel or aluminum alloy materials;
Zinc or cadmium plate iron or steel fittings. Aluminum fittings

containing mere than 0.4% copper are prohibited. -

b. TLocknuts and bushings: As specified for rigid steel and IMC

C.

conduit,
Set screw fittings: Not permitted for use with aluminum conduit.

Electrical metallic tubing fittings:
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a. Fittings and conduit bodies shall meet the reqguirements of UL
514B, ANSI C80.3, and NEMA FBI1,

Only steel or malleable iron materials are acceptable.

¢, Compression couplings and connectors: Concrete-tight and rain-
tight, with connecters having insulated throats.

d. Indent-type connectors or couplings are prohibited.

e. Die-cast or pressure-cast zinc-alley fittings or fittings made of
"pot metal" are prohibited.

4, Flexible steel conduit fittings:

a. Conform to UL 514B. only steel or malleable iron materials are
acceptable.

b. Clamp-type, with insulated throat.

5, Liquid-tight flexible metal conduit fittings:

a. Fittings shall meet the requirements of UL 514B and NEMA FBI.

b. Only steel or malleable iron materials are acceptable.

c.'Fittings must incorporate a threaded grounding cone, a steel or
plastic compression ring, and a gland for tightening. Connectors

) shall have insulated throats.

6. Direct burial plastic conduit fittings:

Fittings shall meet the reguirements of UL 514C and NEMA TC3.

7. Surface metal raceway fittings: As recommended by the raceway
manufacturer. Include couplings, offsets, elbows, expansion joints,
adapters, hold-down straps, end caps, condult entry fittings,
accessories, and other fittings as required for complete system.

8. Expansion and deflection couplings:

a. Conform to UL 467 and UL 514R.

b. Accommodate a 0.75 in [19 mm] deflection, expansion, ozr
contraction in any direction, and allew 30 degree angular
deflections,

¢. Include internal flexible metal braid; sized to guarantee conduit
ground continuity and a low-impedance path for fault currents, in
accordance with UL 467 and the NEC tables for equipment grounding
conductors,

d. Jacket: Flexible, corrosion-resistant, watertight, moisture and
heat-resistant molded rubber material with stainless steel Jacket

clamps.

D. Conduit Supports:
1. Parts and hardware: Zinc-cocat or provide equivalent corrosion

protection.
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2. Individual Conduit Hangers: Designed for the purpose, having a
pre-assembled closure beolt and nut, and provisicons for receiving a
hanger rod.

3. Multiple conduit (trapeze) hangers: Not less than 1.5 x 1.5 in [38 mm
X 38 mm], 12-gauge steel, cold-formed, lipped channels; with not less
than 0.375 in [9 mm] diameter steel hanger rods.

4. Solid Masonry and Conérete Anchors: Self-drilling expansion shields,
or machine bolt expansion.

E. Outlet, Juncticn, and Pull Boxes:

1. UL-50 and UL-514A,

2. Cast metal where required by the NEC or shown, and equipped with
rustproof boxes.

3. Sheet metal boxes: Galvanized steel, exceﬁt where otherwise shown.

4. Flush-mounted wall or ceiling boxes shall be installed with raised
covers so that the front face of raised cover is flush with the wall.
Surface-mounted wall or celling boxes shall be installed with
surface-style flat or raised covers.

F., Wireways: Equip with hinged covers, except where removable covers are
shown, Include couplings, offsets, elbows, expansion joints, adapters,
"hold-down straps, end caps, and other fittings to match and mate with
wireways as reguired for a complete system.
PART 3 - EXECUTION
3.1 PENETRATIONS

A. Cutting or Holes:
1. Cut hcles in advance where they should be placed in the structural

elements, such as ribs or beams. Obtain the approval of the Resident
Engineer pricr to drilling through structural elements.
2. Cut holes through concrete and ﬁasonry in new and existing structures
with a diamond core drill or concrete saw. Pneumatic hammers, impact
- electric, hand, or manual hammer-type drills are not: allewed, except
where permitted by the Resident Engineer as required by limited
working space.

B. Firestop: Where conduits, wireways, and other electrical raceways pass
through fire partitions, fire walls, smoke partitions, or floors,
install a fire stop that provides an effective barrier against the
spread of fire, smoke and gases as specified in Section 07 84 00,
FIRESTOPPING.

3.2 iNSTALLATION, GENERATL
A. In accordance with UL; NEC, as shown, and as specified herein.
B. Essential (Emergency) raceway systems shall be entirely independent of

other raceway systems, except where shown on drawings.
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C. Install conduit as follows:

1.

11,

12.

In complete mechanically and electrically continuous runs before
pulling in cables or wires. ’
Unless otherwise indicated on the drawings or specified herein,
installation of all conduits shall ke concealed within finished
walls, floors, and ceilings. .

Flattened, dented, or deformed conduit is not permitted. Remowe and
replace the damaged conduits with new undamaged material.

Assure conduit installation does not encroach into the ceiling height
head room, walkways, or doorways.

Cut sqguare, ream, remove burrs, and draw up tight.

Independently support conduit at 8 ft [2.4 M] on centers. Do not use
other supports, i.e., suspended cellings, suspended ceiling
supporting members, lighting fixtures, conduits, mechanical piping,
or mechanical ducts.

Support within 12 in [300 mm] of changes of direction, and within 12
in [300 mm] of each enclosure to which connected.

Close ends of empty conduit with plugs or caps'at'the rough-in stage
until wires are pulled in, to prevent entry of debris.

Conduit installaticns under fume and vent hoods are prohibited.
Secure qonduits to cabinets, junction boxes, pull-boxes, and cutlet
boxes with bonding type locknuts. For rigid and IMC conduit
installations, provide a locknut on the inside of the enclosure, made
up wrench tight. Do neot make conduit connections to junction box
covers.

Flashing of penetrations of the roof membrane is specified in Section
07 60 00, FLASHING AND SHEET METAL.

Conduit bodies shall only be used for changes in direction, and shall

not contain splices.

D. Conduit Bends:

1.
2.

3.

Make bends with standard conduit bending machines.
Conduit hickey may be used for slight offsets and for straightening

stubbed out conduits.
Bending of conduits with a pipe tee or vise is prohibited.

E. Layout and Homeruns:

1.

2.

Install cenduit with wiring, including homeruns, as shown on

drawings.
Deviations: Make only where necessary to avoid interferences and only

after drawings showing the proposed deviations have been submitted

approved by the Resident Engineer.
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3.3 CONCEALED WORK INSTALLATION
A. In Concrete: )

1. Conduit: Rigid steel, IMC, or EMT. Do not install EMT in concrete
slabs that are in contact with soil, gravel, or vapor barriers.
Align and run conduit in direct lines.

Install conduit through concrete beams only:

a. Where shown on the structural drawings.

L. As approved by the //Resident FEngineer// //CCTR// prior to
construction, and after submittal of drawing showing location,
size, and position of each penetration,.

4. Installation of conduit in concrete that is less than 3 in [75 rm]
thick is prohibited.

a. Conduit outside diameter larger than cne-third of the slab
thickness is prohibited.

b. Space between conduits in slabs: Approximately six conduit
diameters apart, and one conduit diameter at conduilt crossings.

c¢. Install conduits approximately in the center of the slab so that
there will be a minimum of 0.75 in [19 mm] of concrete around the
conduits. '

5. Make couplings and connections watertight. Use thread compounds that
are UL approved conductive type tec ensure ldw resistance ground
continuity thfough the conduits. Tightening setscrews with pliers is
prohibited.

B. Above Furred or Suspended Ceilings and in Walls:

1. Conduit for conductors azbove 600 V: Rigid steel or rigid aluminum.
Mixing different types of conduits indiscriminately in the same
system is prohibited.

2. Conduit for ccnductors 600 V and below: Rigid steel, IMC, rigid
aluminum, or EMT. Mixing different types of conduits indiscriminately
in the same system is prohibited. _

3, Align and run conduit parallel or perpendicular to the building
lines.

4, Connect recessed lighting fixtures to conduit runs with maximum ¢ ft
[1.8 M] of flexible metal conduit extending from a juncticn box to
the fixture.

5. Tightening setscrews with pliers is prohibited.

3.4 EXPOSED WORK INSTALLATION
A. Unless otherwise indicated on the drawings, exposed conduit is only

permitted in mechanical and electrical rooms.
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B. Conduit for Conductors above 600 V: Rigid steel cr rigid aluminum,.
Mixing different types of conduits indiscriminately in the system is
prohibited.

C. Concduit for Conductors 600 V and Below: Rigid steel, IMC, rigid
aluminum, or EMT. Mixing different types of conduits indiscriminately in
the system is prohibited.

Align énd run conduit parallel or perpendicular to the building lines.

Iﬁstall horizontal runs close to the ceiling or beams and secure with

conduit straps.

F. Support horizontal or vertical runs at not over 8 ft [2.4 M] intervals.
Surface metal raceways: Use only where shown.

H. Painting:

1. Paint exposed conduit as specified In Section 09 91 00, PAINTING.

2. Paint all conduits containing cables rated over 600 V safety crange.
Refer to Section 09 91 00, PAINTING for preparation, paint type, and
exact color. In addition, paint legends, using 2 in [50 mm] high
black numerals and letters, showing the cable wvoltage rating. Provide
legends where conduits pass through walls and fleoors and at mazimum
20 ft [6 M] intervals in between.

3.5 DIRECT BURIAL INSTALLATIOﬁ
Refer to Section 26 0% 41, UNDERGROUND ELECTRICAL CONSTRUCTION.
3.6 HAZARDOUS LOCATIONS _

A. Use rigid steel conduit only, notwithstanding requirements otherwise
specified in this or other sections of these specifications.

B. Install UL approved sealing fittings that prevent passage of explosive
vapors in hazardous areas equipped with explosion-proof lighting
fixtures, switches, and receptacles, as required by the NEC.

3.7 WET OR DAMP LOCATIONS
_ Unless otherwise shown, use conduits of rigid steel or IMC.

B. Provide sealing fittings to prevent passage of water vapor where
conduits pass from warm to cold locations, i.e., refrigerated spaces,
constant-temperature rooms, air-conditioned spaces, building exterior
walls, roofs, or similar spaces.

C. Unless otherwise shown, use rigid steel or IMC conduit within 5 £t [1.5
M] of the extericr and below concrete building slabs in contact with
soil, gravel, or vapor barriers. Conduit shall be half-lapped with 10
mil PVC tape before installation. After installation, completely recoat

or retape any damaged areas of ceoating.
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3.8 MOTORS AND VIBRATING EQUIPMENT

A. Use flexible metal condult for connections to motors and other
electrical equipment subject to movement, vibration, misalignment,
cramped quarters, or noise transmission. -

B. Use ligquid-tight flexible metal conduit for installation in exterior
locaticns, moisture or humidity laden atmosphere, corrosive atmosphere,
water or spray wash-down operations, inside airstream of HVAC units, and’
locations subject to seepage or dripping of cil, grease, .cr water.
Provide a green equipment grounding conductor with flexible metal
conduit.

3.9 EXPANSION JOINTS

A. Conduits 3 in [75 mm] and larger that are secured to the building
structure on opposite sides of a building expansion Jjoint require
expansion and deflection couplings. Install the éouplings in accordance
with the manufacturer's recommendations. |

B. Provide conduits smaller than 3 in [72 mm] with juﬁction bexes on both
sides of the expansion joint. Connect conduits to junction boxes with
sufficient slack of flexible conduit to produce 5 in [125 mm] wvertical
drop midway between the ends. Flexible conduit shall have a bonding
jumper installed. In lieu of this flexible conduit, expansiocn and
deflection couplings as specified above for cenduits 15 in [375 mm] and
larger are acceptable.

€. Install expansion and deflection ceuplings where shown.

3.10 CONDUIT SUPPORTS, INSTALLATION

A. Safe working load shall not exceed one-quarter of proof test load of

 fastening devices.

B. Use pipe straps or individual conduit hangers for supporting individual
conduits. v

C. Support multiple ceonduit runs with trapeze hangers. Use trapeze hangers
that are designed teo support a load equal to or greater than the sum of
the weights of the conduits, wires, hanger itself, and 200 1bs [20 kg].
Attach each condult with U-bolts or other approvéd fasteners.

D. Support conduit independently of junction boxes, pull-boxes, fixtures,
suspended ﬁeiling T-bars, angle supports, and similar items. ’

%. Fasteners and Supports in Sclid Masonry and Concrete:

1. ¥ew Construction: Use steel or malleable iroﬁ concrete inserts set in
place prior to placing the concrete.

2. Existing Constructicn:
a. Steel expansion anchors not less than ¢.25 in [6 mm] bolt size and

net less than 1.125 in {28 mm] embedment.
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b. Power set fasteners not less than 0.25 in [6'mm] diametér with
depth of penetration not less than 3 in [75 mm].
c. Use vibration and sheck-resistant anchors and fasteners for
attaching to concrete ceilings.
Hellow Masonry: Toggle bolts.
Bolts supported only by plaster or gypsum wallboard are not acceptable.
Metal Structures: Use machine screw fasteners or other devices
specifically designed -and approved for the application.
Attachment by wood plugs, rawl plug, plastic, lead or soft metal
anchors, or wood blocking and bolts supported only by plaster is
rrohibited. ‘
Chain, wire, or perforated strap shall not be used to support or fasten
conduit, '
Spring steel type supports or fasteners are prohibited for all uses
except horizontal and vertical supports/fasteners within walls.
Vertical Supports: Vertical conduit runs shall have riser clamps and
supports in accordance with the NEC and as shown. Provide supports foxr

cable and wire with fittings that include internal wedges and retaining

collars.

3.11 BOX INSTALLATION

A,

Boxes for Concealed Conduits:

1. Flush—mounted.-

2. Provide raised covers for boxes to sult the wall or ceiling,
construction, and finish.

In addition to boxes shown, install additional boxes where needed to

prevent damage to cables and wires during pulling-in cperations.

Remove only knockouts as required and plug unused openings. Use threaded

plugs for cast metal boxes and snap-in metal covers for sheet metal

boxes.

Qutlet boxes mounted back-to-back in the same wall are prchibited. A

minimum 24 in [600 mm] center-to-center lateral spacing shall be
maintained between boxes.
Minimum size of outlet boxes for ground fault interrupter (GFI)
receptacles is 4 in [100 mm] square x 2.125 in [55 mm] deep, with device
covers for the wall material and thickness involved.
Stencil or install phenolic nameplates on covers of the boxes identified
on riser diagrams; for example "SIG-FA JB No. 1."
Cn all branch circuit junction box covers, identify the circuits with
black marker.

' ~~--END- - -
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SECTION 26 27 26
WIRING DEVICES

PART 1 —VGENERAL
1.1 DESCRIPTION
A. This section specifies the furnishing, installation, connection, and
testing of wiring devices.

1.2 RELATED WORK
A. Section 26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS: General

electrical requirements that are common to more than one sectien of

Division 26.
B. Secticn 26 05 33, RACEWAY AND BOXES FOR ELECTRICAL SYSTEMS: Conduit and

boxes.
C. Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES:

Cables and wiring.

D. Section 26 05 26, GRCUNDING AND BONDING FOR ELECTRICAL SYSTEMS:
Reguirements for personnel safety and to provide a low impedance path
to ground for possible ground fault currents.

1.3 QUALITY ASSURANCE

A. Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND SERVICES), in Section
26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS,

1.4 SUBMITTALS

A, Submit six copies of the following in accordance with Section 26 05 11,
REQUIREMENTS FOR ELECTRICAL INSTALLATIONS.
1. Shop Drawings:

a. Submit sufficient information to demonstrate compliance with
drawings and specifications.

b. Include electrical ratings, dimensions, mounting details,
construction materials, grade, and termination information.

2. Manuals:

a. Submit, simultaneously with the shop drawings, companion copies
of complete maintenance and operating manuals, including
technical data sheets and information for ordering replacement
parts.

b. If changes have been made to the maintenance and operating
manuals criginzally submitted, submit updated maintenance and
operating manuals two weeks prior to the final inspection.

3. Certifications: Two weeks prior to final inspection, submit the

following.
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a. Certification by the manufacturer that the wiring devices conform
to the requirements of the drawings and specifications.
b. Certification by the Contractor that the wiring devices have been

properly installed and adjusted.

1.5 APPLICABLE PUBLICATIONS

A. Publications listed below (including amendments, addenda, revisions,

supplements and errata} form a part of this specification to the extent
referenced. Publications are referenced in the text by basic

designation only.

National Fire Protection Association (NFPA):

L et 1 National Electrical Code (NEC}

99-12. . . i e ...Health Care Facilities

National Electrical Manufacturers Association (NEMA):

WD 1-10.......... «e+....General Color Requirements for Wiring Devices
WD 6-08 ... iieininaannns Wiring Devices — Dimensional Specifications

Underwriter’s Laboratories, Inc. (UL):

5-11.........., vevvv....Surface Metal Raceways and Fittings
2010, i i General-Use Snap Switches
231-07........ IR Power Outlets

467-07........ vevees....Grounding and Bonding Egquipment
49B8-07., . i P Attachment Plugs and Receptacles
943~11..‘ .............. . .Ground-Fault Circuit-Interrupters

PART 2 - PRODUCTS

2.1 TOGGLE SWITCHES

A,

Toggle switches shall be totally enclosed tumbler type with nylon
bodies. Handles shall be ivory in color unless otherwise specified or
shown con the drawings.

1: Switches installed in hazardous areas shall be explosion-proof type
in accordance with the NEC and as shown on the drawings.

2. Shall be single unit toggle, butt contact, guiet AC type, heavy-duty
general-purpose use with an integral self grounding mounting strap
with break-off plasters ears and provisions for back wiring with
separate metal wiring clamps and side wiring with captively held
binding screws.

3. Switches shall be rated 20 amperes at 120-277 Volts AC.

MANUAL DIMMING CONTROL

Electronic full-wave manual slide dimmer with on/off switch and audible

frequency and EMI/RFI suppression filters.
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B,

Manual dimming contrels shall be fully compatible with electronic
dimming ballasts and approved by the ballast manufacturer, shall
operate over full specified dimming range, and shall not degrade the
performance or rated life of the electronic dimming ballast and lamp.
Provide single-pole or thres-way, as shown on the drawings.

Manual dimming control and faceplates shall be ivory in color unless

otherwise specified.

2.3 WALL PLATES

A.

Wall plates for switches and receptacles shall be type 302 stainless
steel. Oversize plates are not acceptable,

Color shall be ivory unless otherwise specified.

For receptacles or switches mounted adjacent to each other, wall plates
shall be commen for each group cf receptacles or switches.

In areas requiring tamperproof wiring devices, wall plates shall be
type 302 stainless steel, and shall have tamperproof screws and beveled
adges.

Duplex Receptacles on Emergency Circuit: Wall plates shall be red nylon

with the word "EMERGENCY" engraved in 6 mm {i/4 inch) white letters.

PART 3 - EXECUTION

3,1 INSTALLATION

A.

Tnstallation shall be in accordance with the NEC and as shown as on the

drawings.

Install wiring devices after wall construction and painting is
complete.

The ground terminal of each wiring device shall be bonded to the outlet
box with an approved green bonding jumper, and also connected to the
branch circuit equipment grounding conductor.

Outlet boxes for tocggle switches and manual dimming controls shall be
mounted on the strike side of doors.

Provide barriers in multigang outlet boxes to compiy with the NEC.
Coordinate the electrical work with the work of other trades to ensure
that wiring device fiush outlets are positioned with box openings aligned
with the face of the surrounding finish material. Pay special attention
to installations in cabinet work, and in connecticon with laboratory
equipment.

Eract field locations of Ffloors, walls, partitions, doors, windows, and
eguipment may vary from locations shown on the drawings. Prior to

locating sleeves, boxes and chases for roughing-in of conduit and

26 27 26 - 3




6£71-13-105-8pinal Cord Injury Corridors Renovation 12-01-12

equipment, the Contractor shall coordinate exact field location of the

above items wilth other trades.

H. Install wall switches 1.2 M (48 inches) above floof, with the toggle OFF
position down. '
Install wall dimmers 1.2 M (48 inches) above floor.

J. Install receptacles 450 mm {18 inches) above floor, and 152 mm (6 inches)
above counter backsplash or workbenches. Install specific-use
receptacles at heights shown on the drawings. V

K. Install vertically mounted receptacles with the ground'pin up. Install
herizontally mounted receptacles with the ground pin to the right.

L. When required or recommended by the manufacturer, use a torque
screwdriver. Tighten unused terminal screws,

M. Label device plates with a permanent adhesive label listing panel and
circuit feeding the wiring device.

3.2 ACCEPTANCE CHECKS AND TESTS
2. Perform manufacturer’s required field checks in accordance with the

manufacturer’s recommendations. In addition, include the following:

1. Visual Inspection and Tests:

a. Inspect physical and electrical cendition.
Vacuum—-clean surface metal raceway interior. Clean metal raceway
exterior.

¢. Test wiring devices for damaged conductors, high circuit
resistance, poor connections, inadequate fault current path,
defective devices, or similar problems using a portable
receptacle tester. Correct circuit conditions, remove

malfunctioning units and replace with new, and retest as

specified above.
d, Test GFCI receptacles.

2. Healthcare Occupancy Tests:
a. Test hospital grade receptacles for retention ferce per NFPA 99.

—=-END-w~
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SECTION 26 51 00
INTERIOR LIGHTING

PART 1 - GENERAL

1.1 DESCRIPTION:

A. This section specifies the furnishing, installation, and connectiocn of

the interior lighting systems. The terms “lighting fixture,”

“fixture,” and “luminaire” are used interchangeably.

1.2 RELATED WORK
A, Section 26 05 11, REQUIREMENTS FCOR ELECTRICAL INSTALLATIONS:

Requirements that apply to all sections of Division 26.

B. F.

Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND

CABLES: Low-voltage conductors.

c. G,

Section 26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS:

Requirements for persbnnel safety and to provide a low impedance

path to ground for possible ground fault currents.

D. H.

Sectlion 26 27 26, WIRING DEVICES: Wiring devices used for control

of the lighting systems.

1.3 QUALITY ASSURANCE
A, Refer to Paragraph, QUALIFICATIONS (PRODUCTS AND SERVICES}), in Section

26 05 11, REQUIREMENTS FOR ELECTRICAL INSTALLATIONS.

1.4 SUBMITTALS
A. Submit six copies of the foilowing in accordance with Section 26 05 11,

REQUIREMENTS FOR ELECTRICAL INSTALLATIONS.

1. Shop Drawings:

d.

o o0

Hh

Submit the following information for each type of lighting
fixture designated on the LIGHTING FIXTURE SCHEDULE, arranged in
order of lighting fixture designation.

Material and construction details, include information on housing
and optics system,

Physical dimensions and descriptien.

Wiring schematic and connection diagram.

Installatien details.

Energy efficiency data.

Photometric data based on laboratory tests complying with TES
Lighting Measurements testing and calculation guides.

Lamp data including lumen output (initial and,mean), color

‘rendition index (CRI), rated life (hours), and color temperature

(degrees Kelwvin).
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i. Ballast data including ballast type, starting method, ambient
temperature, ballast factor, sound rating, system watts, and
total harmonic distortion (THD).

~j. For LED lighting fixtures, submit US DOE LED Lighting Facls
label, and IES L70 rated life.

2, Manuals:

a. Submit, simultaneously with the shop drawings, complete
maintenance and operating manuals, including technical data
sheets, wiring diagrams, and information for ordering replacement
parts.

b. If changes have been made to the maintenance and operating
manua;s originally submitted, submit updated maintenance and
operating manuals two weeks prior to the final inspection.

3. Certifications: Two weeks prior te final inspection, submit the
following. -

a. Certification by the Contractor that the interior lighting

systems have been properly installed and tested.

1.5 APPLICABLE PUBLICATIONS

Al

Publications listed below (including amendments, addenda, revisions,
supplements, and errata) form a part of this specification to the '
extent referenced. Publications are referenced in the text by

designation only.
Institute of Electrical and Electronic Engineers (IEEE):

C62.41-9T1 ., iniinnnnanns Surge Voltages in Low Voltage AC Power Circuits

Naticnal Fire Protection Association (NFPA):

B0 T S National FElectrical Code ({(NEC)

101-12....0iavvn «ve..Life Safety Code

National Electrical Manufacturer's Asscciation (NEMA):

C82.1-04...... tees e s Lamp Ballasts - Line Frequency Fluorescent Lamp
Ballasts

CB2.2-0Z2 . . iiiiiiiennens Method of Measurement of Fluorescent Lamp
Ballasts

C82.4-02, .. .. iiinennnn Lamp Ballasts - Ballasts for High-Intensity

Discharge and Low-Pressure Sodium (LPS) Lamps

(Multiple-Supply Type)
c82.11-11...............Lamp Ballasts - High Frequency Fluorescent Lamp

Ballasts

Underwriters Laboratories, Inc. (UL):
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496-08. ... ++..Lampholders

542-0599........ vesvee..Fluorescent Lamp Starters

B44-12 . . i e s Luminaires for Use in Hazardous (Classified)
Locations

924-12...... e Emergency Lighting and Power Equipment

935-01. ... i Fluorescent-Lamp Ballasts

1028-84. ... . it High-Intensity-Discharge Lamp Ballasts

1029A-06. . 00 eeeennn.. Ignitors and Related Auxiliaries for HID Lamp
Ballasts

1598-08. ... ... . Luminaires

1574-C4. ..o i iy Track Lighting Systems

2108-04....... ke Low-Voltage Lighting’Systems

BT50-00. v e e eeemnnnnns Light Emitting Diode (LED) Light Sources for

Use in Lighting Products

PART 2 - PRODUCTS
2.1 LIGHTING FIXTURES

A. Shall be in accordance with NFPA, UL, as shown con drawings, and as
specified.

B. Sheet Metal:

1. Shall be formed to prevent warping and sagging. Heusing, trim and
lens frame shall be true, straight (unless intentionally curved},
and parallel to each other as designed.

2. Wireways and fittings shall be free of burrs and sharp edges, and
shall accommodate internal and branch circuit wiring without damage
to the wiring.

3. When installed, any exposed fixture housing surféce, trim frame,
door frame, and lens frame shall be free of light leaks.

4, Hinged docr frames shall cperate smoothly without binding. Latches
shall function easily by finger action without the use of tools.

C. Ballasts and lamps shall be serviceable while the fixture is in its
normally installed position. Ballasts shall not be mounted to
removable reflectors or wirsway covers unless so specified.

D. Lamp Sockets:

1. Fluocrescent: Single slot entry type, requiring a one-guarter turn of

the lamp after insertion. Lampholder contacts shall be the biting

edge type.
Compact Fluorescent: 4-pin.

High Intensity Discharge (HID): Porcelain.
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E. Recessed fixtures mounted in an insulated ceiling shall be listed for
use in insulated ceilings. .

F. Mechanical Safety: Lighting fixturg closures {(lens doors, trim frame,
‘hinged housings, etc.) shall be retained in a secure manner by captive
screws, chains, aircraft cable, captive hinges, or fasteners such that
they cannct be accidentallyrdislodged during neormal operation or
routine maintenance. ' '

G. Metal Finishes:

1. The manufacturer shall apply standard finish (unless otherwise
specified) over a corrosion-resistant primer, after cleaning to free
the metal surfaces of rust, grease, dirt and other deposits, FEdges
of pre-finished sheet metal exposed during forming, stamping or
shearing processes shall be finished in a siﬁilar'corrosion
resistant manner to match the adjacent surface(s). Fixture finish
shall be free of stains or evidence of rusting, blistering, or
flaking, and shall be applied after fabrication,

2. Interior light reflecting finishes shall be white with not less than
85 percent reflectances, except where otherwise shown on the
drawing. 7 '

3. Exterior finishes shall be as shown on the drawings.

H. Lighting fixtures shall have a specific means for grounding metallic
wireways and housings to an equipment grounding conductor.

I. Light Transmitting Components for Fluorescent Fixtures:

1. Shall be 100 percent virgin acrylic.

2. Flat lens panels shall have not less than 3 mm {1/8 inch) of average
thickness. ‘ '

3. Unless otherwise specified, lenses, reflectors, diffusers, and
louvers shall be retained firmly in a metal frame by clips or
clamping ring in such a manner as to allow expansion and contraction
without distortion or cracking.

J. Lighting fixtures in hazardous areas shall be suitable for installation
in Class and Division areas as defined in NFPA 70.

K. Compact fluorescent fixtures shall be manufactured specifically for
compact fluorescent lamps with ballast integral to the fixture.
Assemblies designed to retrofit incandescent fixtures are prohibited

except when specifically indicated for renovation of existing fixtures.
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2.2 BALLASTS
A, Linear Fluorescent Lamp Ballasts: Multi-veltage {120 - 277V},

electronic instant-start type, designed for type and gquantity of lamps

indicated. Ballasts shall be designed for full light output unless

dimmer or bi-level control is indicated. Ballasts shall include the

foliowing features:

1.

2
3
4.
5

o W ® 1 o,

11.

i2.

i3.

Lamp end-of-life detection and shutdown circuit (T5 lamps only).

. Automatic lamp starting after lamp replacement.

Sound Rating: Class A.

Total Harmonic Distortion (TED): 10 percent or less.

Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2,
Category A or better.

Operating Frequency: 20 kHz or higher.

Larp Current Crest Factor: 1.7 or less,

Ballast Factor: 0.87 or higher unless otherwise indicated.

Power Factor: 0.98 or higher.

. EMR/RFI Interference: Comply with CFR Title 47 Part 18 for

limitations on electromagnetic and radic-freqguency interference for
non-consurer equipment.

To facilitate multi-level lamp switching, lémps within fixture shall
be wired with the outermost lamp at both sides of the fixture on the
same ballast, the next inward pair on ancther ballast and so on to
the innermost lamp (or pair of lamps). Within a given room, each
switch shall uniformly control the same corresponding lamp (or lamp
pairs) in all fixture units that are being controlled.

Where three-lamp fixtures are indicated, unless switching
arrangements dictate otherwise, utilize a common two-lamp ballast to
operate the center lamp in pairs of adjacent units that are mounted
in a continuous row. The ballast fixture and slave-lamp fixture
shall be factory wired with leads or plug devices to facilitate this
circuiting. Individually mounted fixtures and the odd fixture in a
row shall utilize a single-lamp ballast for operation of the center
lamp. A

Dimming ballasts shall be as per above, except dimmable from 100% to

5% of rated lamp lumens. Dimming ballasts shall be fully compatible

with the dimming controls.

B. Low-Fregquency Linear T8 Fluorescent Lamp Ballasts (allowed for Surgery

Suites, Critical Care Units, and Animal Labs): Multi-voltage (120 -
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277V), hybrid electronic-electromagnetic rapid-start type, designed for
type and quantity of lamps indicated. Ballast shall be designed for
full fight output. Ballasts shall include the fecllowing features:

1. Automatic lamp sta;ting aftér lamp replacement.

2. Sound Rating: Class A. ' _

3., Total Harmonic Distortion (THE): 20 percent cr less.

4, Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2,
Category A or better.

Operating Frequency: 60 Hz.

. Lamp Current Crest Factor: 1.7 or less.

Ballast Factor: 0.85 or higher unless cotherwlise indicated.

Power Factor: 0.9%0 or higher.

Interference: Comply with CFR Title 47 Part 18 for Ilimitations on

(Lo « IR B < N 4 1]

electromagnetic and radio-frequency interference for non-consumer
equipment.

10, To facilitate multi-level lamp switching, lamps within fixture shall
be wired with the outermost lamp at both sides of the fixture on the
same ballast, the next inward pair on another ballast and so on to
the innermost lamp {or pair of lamps). Within a given room, each
switch shall uniformly control the same corresponding lamp (or lamp
palrs) in all fixture units that are being controlled.

11. Where three-lamp fixtures are indicated, unless switching
arrangements dictate otherwise, utilize a common two-lamp ballast to
operate the center lamp in pairs of adjacent units that are mounted
in a continuous row. The ballast fixture and slave-lamp fixture
shall be factory wired with leads or plug devices to facilitate this
circuiting. Individually mounted fixtures and the odd fixture in a
row shall utilize a single-lamp baliast for operation'of the center
lamp.

C. Compact Flucrescent Lamp Ballasts: Multi-voltage (120 — 277V),
electronic programmed rapid-start type, designed for type and quantity
of lamps indicated. Ballast shall be designed for full light output
unless dimmer or bi-level control is indicated. Ballasts shall include
the following feafures:

1. Lamp end-of-life detection and shutdown circuit.

2. Automatic lamp starting after lamp replacement.

3. Souﬁd Rating: Class A.

4

Total Harmonic Distoxrtion (THD): 10 percent or less.
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5., Transient VoltaQe Protection: IEEE C62.41.1 and IEEE C62.41.2Z2,

Category A or bétter.
Operating Fregquency: 20 kHz or higher.

. Lamp Current Crest Factor: 1.7 cor less.

6
7
8. Ballast Factor: 0.95 or higher unless otherwlise indicated.
9. Power Factor: 0.98 or higher.

0. Interference: Comply with CFR Title 47 Part 18 for limitations on

electromagnetic and radio-frequency interference for non-consumer
eguipment.
11. Dimming ballasts shall be as per above, except dimmable from 100% to

% of rated lamp lumens. DPimming ballasts shall be fully compatible

3

with the dimming ceontrols.

D. Ballasts for HID fixtures: Multi~tap voltage (120 - 480V)
electromagnetic ballast for high intensity discharge lamps. Include
the fecllowing features unless otherwise indicated:

1. Ballast Circuit: Constant-wattage auteotransformer or regulating
high-power-factor type.

2. Minimum Starting Temperature: Minus 22 deg F (Minus 30 deg C) for
single-lamp ballasts.

3. Rated Ambient Operating Témperature: 104 deg F (40 deg C).

4. Open-circuit operation that wiil not reduce average life.

5. Low-Noise Ballasts: Manufacturers' standard époxy—encapsulated
models designed to minimize zudible fixtuie noise.

E. Electronic ballast for HID metal-halide lamps shall include the
following features unless otherwise indicated:

1. Minimum Starting Temperature: Minus 20 deg F (Minus 29 deg C) for
single-lamp ballasts.

Rated Ambient Operating Temperature: 130 deg F ({54 deg C).

Lamp end-of-life detection and shutdown circuit.

Sound Rating: Class A.

Total Harmonic Distortion (THD): 20 percent or less.

S s WM

Transient Voltage Protection: IEEE C62.41.1 and IEEE C62.41.2,
Category A or better.
7. Lamp Current Crest Factor: 1.5 or less.

8. Power Factor: 0.90 or higher.
9. Interference:; Comply with CFR Title 47 Part 18 for limitations on

electromagnetic and radio-frequency interference for non-consumer

equipment.
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10.

Protection: Resettable thermal.

2.3 FLUORESCENT EMERGENCY BALLAST

A. Self-contained, modular, battery-inverter unit, factory mounted within

ilighting fixture housing and compatible with ballast.

1.

Emergency Ceonnection: Operate one fluorescent lamp(s) continuously

at an output of 1100 lumens each. Connect unswitched circuit to

battery-inverter unit and switched circuit to fixture ballast.

Test Push Button and Indicator Lighi: Visible and accessible

without cpening fixture ox entering'ceiling space.

a. Push Button: Push-to-test type, in unit housing, simmlates loss
of normal power and demonstrates unit operability.

b. Indicator Light: LED indicates normal power on. Normal glow
-indicates trickle charge; bright glow indicatés charging at end
of discharge 6yclé.

Battery: Sealed, maintenance-free, nickel-cadmium type.

Charger: Fully automatic, solid-state, constant-current type with

sealed power transfer relay.

Integral Self-Test: Autcomatically initiates test of unit emergency

operation at reguired intervals. Tést failure is annunciated by an

integral audible alarm and a flashing LED.

2.4 EMERGENCY LIGHTING UNIT

A, Complete, self-contained unit with batteries, battery charger, cne or

more local or remote lamp heads with lamps, under-vcoltage relay, and

test switch.

1.

Enclosure: Shall be cast aluminum. Enclosure shall be suitable for
the environmental conditions in which installed.

Lamp Heads: Horizontally and vertically adijustable, mounted on the
face of the unit, except where otherwise indicated.

Lamps: Shall be sealed-beam MR-16 halogen, rated not less than 12

watts at the specified DC wvoltage.

Battery: Shall be maintenance-free nickel-cadmium. Minimum normal

life shall be minimum of 10 years.

Battery Charger: Dry-type full-wave rectifier with charging rates to
maintain the battery in fully-charged condition during normal
operation, and to automatically recharge the battery within 12 hours

following a 1-1/2 hour continuous discharge.
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6. Integral Self-Test: Automatibally initiates test of unit emergency
operation at required intervals. Test failure is annunciated by an
integral audible alarm and a flashing LED.

2.5 LAMPS
A, Linear and U-shaped TbH and T8 Fluorescent Lamps:

1. Except as indicated below, lamps shall be low-mercury energy saving
type, have a cclor temperature between 3500° and 4100°K, a Color
Rendering Index (CRI) eqgual or greater than 80, average rated iife
equal to or greater than 24,000 hours when used with an instant
start ballast and 30,000 hours when used with a programmed cr rapid
start bhallast (based on 3 hour starts), and be suitable for use with
dimming ballasts, unless otherwise indicated.

a. Over the beds in Intensive Care, Coronary Care, Recovery, Life
Support, and Observation and Treatment areas; Electromyographic,
Autopsy (Necropsy), Surgery, and certain dental rooms
{Examination, Oral Hygiene, Oral Surgery, Recovery, Labs,
Treatment, and X~Ray) use color corrected lamps having a CRI of
85 or above and a correlated color temperature between 5000 and
6000°K, as shown on the drawings.

b. Other areas as shown on the drawings.,

2. Lamps shall comply with EPA Toxicity Characteristic Leachate
Procedure (TCLP) requirements.

B. Compact Flucrescent Lamps:

1. T4, CRI 80 {minimum), color temperature 3500°K, average rated life
equal to or greater than 12,000 hours {based on 3 hour starts), and
suitable for use with dimming ballasts, unless otherwise indicated.

2. Lamps shall comply with EPA Toxicity Characteristic Leachate
Frocedure (TCLP) reguirements.

C. High Intensity Discharge Lamps:

1., High-Pressure Sodium Lamps: CRI 21 {minimum), color temperature
1900°K, and average rated-life of 24,000 hours.

a. Lamps shall comply with EPA Toxicity Characteristic Leachéte
Procedure (TCLP) requirements.

2, Pulse-Start, Metal-Halide Lamps: Minimum CRI 65 [(minimum), color

temperature 4000°K, and average rated life of 15,000 hours (based on

10 hour starts}.
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3. Ceramic, Pulse-Start, Metal-Halide Lamps: CRI 80 (minimum), color
temperature 4000°K, and average rated life of 12,000 hours {based on

10 hour starts).
2.6 LED EXIT LIGHT FIXTURES
Exit light fixtures shall meet applicable requirements of NFPA and UL.
B. Housing and door shall be die-cast aluminum.

For general purpose exit light fixtures, door frame shall ke hinged,

with latch. For vandal-resistant exit light fixtures, door frame shall

be secured with tamper-resistant screws.
D. Finish shall be satin or fine~grain brushéd aluminum.

There shall be no radioactive ﬁaterial used in the fixtures,
F.-Fixturés:

1. Inscription panels shall be cast or stamped aluminum a minimum of
2.25 mm (0.090 inch) thick, stenciled with 150 mm {6 inch) high
letters, baked with red color stable plastic or fiberglass. Lamps
shall be lumincus Light Emitting Diodes (LED}) mounted in center of
letters on red color stable plastic or fibkerglass.

2. Double-Faced Fixtures: Provide double-faced fixtures where required
or as shown on drawings.

3., Directional Arrows: Provide directional arrows as part of the
inscription panel where required or as shown on drawings.
Directional arrows shall be the "chevreon-type" of similar'size and
width as the letters and meet the requirements of NFPA 101, '

G. Voltage: Multi-voltage (120 — 277V).
PART 3 - EXECUTION

3.1 INSTALLATION
A. Installaticon shall be in accordance with the NEC, manufacturer's

instructions, and as shown on the drawings or specified.

B. Align, mount, and level the lighting fixtures uniformly.
Wall-mounted fixtures shall be attached to the studs in the walls, or
to a 20 gauge metal backing plate that is attached to the studs in the

walls. Lighting fixtures shall not be attached directly to gypsum

board,
D. Lighting Fixture Supports:
1. Shall provide support for all of the fixtures. Supports may be

anchored to channels of the ceiling construction, te the structural

slab or to structural members within a partition, or above a

suspended ceiling.
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2. Shall maintain the fixture positions after cleaning and relamping.

3. Shall support the lighting fixtures without causing the ceiling or
partition to deflect.

4, Hardware for recessed fluorescent fixtures:

a. Where the suspended ceiling system is supported at the four
corners of the fixture opening, hardware devices shall clamp the
fixture to theé ceiling system structural members, or plaster
frame at not less than four points in such a manner as to resist
spreading of the support members and safely lock the fixture into
the ceiling system.

b. Where the suspended ceiliﬁg system 1s not supported at the four
corners of the fixture opening, hardware devices shall
independently support the fixture from the building structure at
four points. '

5. Hardware for surface mounting flucrescent fixtures to suspended
ceilings:

a. In addition to being secured to any required outlet box} fixtures
shall be bolted to a grid ceiling system at four peints spaced
near the corners of each fixture. The bolts shall be not less
than 6 mm (1/4 inch) secured to channel members attached to and
spanning the tops of the ceiling structural grid members. Non-
turning studs may be attached to the ceiling structural grid
members or spanning channels by special <¢lips designed for the
purpose, provided they lock into place and require simple tocls
for removal.

b. In addition to being secured to any reguired cutlet box, fixtures
shall be bolted to ceiling structural members at four points
spaced near the corners of each fixture. Pre—pésitioned 6 mm (1/4
inch) studs or threaded plaster inserts secured to ceiling
structural members shall be used to bolt the fixtures to the
ceiling. In lieu of the above, 6 mm (1/4 inch) toggle bolts may
be used on new or existing ceiling provided the plaster and lath

can safely support the fixtures without sagging or cracking. .

E. Furnish and install the new lamps as specified for all lighting
fixtures installed under this project, and for all existing lighting

fixtures reused under this project.
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F. The electrical and ceiling trades shall coordinate to ascertain that
épproved lighting fixtures are furnished in the preoper sizes and
installed with the proper devices (hangers, clips, tfim frames,
flanges, etc.}, to match the ceiling system being installed.

G. Bond lighting fixtures to the grounding system as specified in Section
26 05 26, GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS. ‘

0. At completion of project, replace all defective components of the
lighting fixtures at no cost to the Government.

I. Dispose cf lamps per requirements of Section 01 74 19, CONSTRUCTION
WASTE MANAGEMENT, and Section 02 41 00, DEMOLITION.

3.2 ACCEPTANCE CHECKS AND TESTS

A. Perform the following:

1. Visual Inspection:

a. Verif§ proper operation by opérating the lighting controls.
Visually inspect for damage to fixtures, lenses, reflectors,
diffusers, and louvers. Clean fixtures, lenses, reflectors,
diffusers, and louvers that have accumulated dust, dirt, or
fingerprints during construction.

2. Electrical tests:

a. Exercise dimming components of the lighting fixtures over full
range of dimming capability by operating the control devices(s)
in the presence of the Resident Engineer. Observe for visually
detectable flicker over full dimming range, and replace defective
compoﬁents at no cost to the Government.

b. Burn-in all lamps that require specific aging period to operate
properly, pricr to occupancy by Government. Burn-in pericd to he
40 hours minimum, unless specifically recommended ctherwise by
the lamp manufacturer. Burn-in dimmed fluorescent and compact
fluorescent lamps for at least 100 hours at full voltage, unless
specifically recommended otherwise by the lamp manufacturer.
Replace any lamps and ballasts which fail during burn-in.

3.3 FOLLOW-UP VERIFICATION

A. Upcon completion of acceptance checks and tests, the Contractor‘shall

show by demonstration in service that the lighting systems are in good

operating condition and pioperly'performing the intended functicn.

~ e END=—~
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